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DISCLAIMER STATEMENT

The toxicity profiles contained in Volume II-A and Volume III-A were provided by Shell Oil

Company. They are intended to provide additional toxicity information for certain chemicals.

The numerical estimates of toxicity used in the PPLVs computed in the Human Health

Exposure Assessment for Rocky Mountain Arsenal are those contained in the toxicity profiles

prepared by the Army in Volume II and Volume Jll.
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ALDRIN/DI PRIN

SUMMARY

The cyclodiene pesticides aldrin and dieldrin are no longer manufactured or used in the

U.S. (HSDB, 1990). In the environment, aldrin readily degrades to its persistent epoxide

derivative dieldrin. Both are acutely toxic, with LD,0 values ranging from 39 to 60

mg/kg in rats. They have been associated with large-scale kills of terrestrial wildlife in

treated areas, and are also very toxic to aquatic organisms. Both pesticides are

hepatocarcinogenic in mice, but no treatment-related tumors, in liver or other tissues,

have been observed in any other species exposed to aldrin/dieldrin. Other indices of

effects on the liver have been reported in dogs (hypertrophy) and monkeys (enzyme

induction), but not in humans. Aldrin and dieldrin may cause embryotoxicity, but are

apparently not teratogeuic. Reproductive toxicity has been reported in animals, but only

at high dose levels which also caused parental toxicity. Aldrin and dieldrin may cause

central nervous system abnormalities following chronic exposure. Neither compound is

considered to be genotoxic/mutagenic in a wide variety of in vitro and in Wvo assays.

CHEMICAL AND PHYSICAL PROPERTIE.

CAS Number: Aldrin: 309-00-2

Dieldrin: 60-57-1

Chemical Formula: Aldrin: C0HCI

Dieldrin: C,2 gCIA O

IUPAC Name:

Aidrin: 1,2,3,4,10,10-hexachloro-I,4,4a,5,8, 8a-hexahydro-l,4:5,8-exo-

dimethanonaphthalene.
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Dieldrin: 1,2,3,4,10-hexachloro-6,7-epoxy- 1,4,4a,5,6,7,8,8a-octahydro-endo-,exo-

1,4:5,8-dimethoanonaphthalene.

Molecular Weights: Aldrin: 365

Dieldrin: 381

Melting Point: Aldrin: 104 C

Dieldrin: 176 C

Solubility in Water: Aldrin: 27 ug/liter at 27 C

Dieldrin: 186 ug/liter at 20 C

Solubility In Organics: Soluble in most organic solvents

Log Octanol/Water Partition Coefficlent (K.):

Aldrin: 5.66 (Geyer er al., 1984)

7.40 (Briggs, 1981)

5.66 (Kenaga, 1980) Table mII
5.30 (U..S. EPA, 1986)

Dieldrin: 4.32 (Davies and Dobbs, 1984)

6.2 (Briggs, 1981)

3.69 (Rao and Davidson, 1983)

5.48 (Kenaga, 1980) Table M

3.5 (U.S. EPA, 1986)

2
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Soil/Water Partition Coemcient (ME):

Aldrin:

76,000 Versar (1984)

28,200 Briggs (1981)

96,000 U.S. EPA (1986)

Dieldrin:

3,300; 12880 Kadeg et al. (1986) Literature Values

7,413 Briggs (1981)

35,600 Kenaga (1980)

Bloconcentration Factor

Andrin

1,555 Davies and Dobbs (1984) Eqn C (log k,. - 5.66)

13,640 Davies and Dobbs (1984) Eqn C (log k,.. - 7.4)

1,500 Lyman at al. (1982)

3,140 Kenaga (1980)

10,800 Kenaga (1980)

3,690 Davies and Dobbs (1984) Eqn B (log k,. - 5.66)

40,345 Davies and Dobbs (1984) Eqn C (log k. w 7.4)

11 ,792 Lyman a: al. (1982) Eqn 5-2 (log k. = 5.66)

247,742 Lyman ae al. (1982) Eqn 5-2 (log k,. 7.4)

1,810 Davies and Dobbs (1984) Eqn C (log k.. 6.12)

6,940 Davies and Dobbs (1984) Eqn B (log k. 6.12)

26,400 Lyman at al. (1982) Eqn 5-2 (log k., = 6.12)

5,800, 4,420 Keaga (1980) Table 3 (experimental)

1,489 Davies and Dobbs (1984) Eqn B (log,. - 5.0)

3
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12,590 Davies and Dobbs (1984) Table 2 (experimental)

292 Davies and Dobbs (1984) Eqn C (log k. = 4.32)

1,130 Lyman et al. (1982) Eqn 5-2 (log k,,, 4.32)

30,339 Lyman et al. (1982) Eqn 5-2 (log k,. 6.2)

480 Davies and Dobbs (1984) Eqn A (S - 0.25)

3,700 Lyman et al. (1982) Eqn (log k,,, - 5.0)

Vapor Pressure: Aldrin: 2.31 x 105mm Hg at 20 C

Aldrin: 6 x 10r6mm Hg (U.S. EPA 1986)

Dieldrin: 2.8 x 10"Smm Hg at 250 C

Henry's Law Constant:

Aldrin: 2.4 x 10-5 atm-mh/mole (calculated)

1.6 x 10.' atm-m'/mole (U.S. EPA 1986)

Dieldrin: 1.4 x 10.' atm-m'/mole (calculated)

4.58 x i0.' atn-m'/mole (U.S. EPA)

ENVIRONMENTAL TRANSPORT AND FATE

The range of experimental and estimated soil-water prtition coefficients reported above

indicates that substantial sorption of aldrin and dieldrin to soils/sediments and dissolved

organic material will occur. Pavlou (1980) etimates that sorption of nonpolar

hydrophobic pesticides is very high; therefore little environmental mobility would be

expected for these compounds.

Aedrin vaporates rapidly from aquatic environments and soil. Photolysis occurs in

aqueous solution or on plant surfaces, with conversion primarily to dieldrin, although a

small fration (generally less than 5 percent) is slowly converted to photodieldrin

4
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(Rosenblatt et al. 1975). Hydrolysis of dieldrin is also quite slow with a half-life in

excess of 4 years (U.S. EPA, 1979).

The concentrations of aidrin and dieldrin in sodls decrease over time through leaching,

runoff, volatilization and degradation. Aldrin is oxidized to its epoxide dieldrin. This

conversion, which appears to have a half-life of about a year, may be enhanced by

microbial activity (Rosenblaa e: al., 1975). The half-lives of aldrin and dieldrin in soils

have been estimated to be 4 and 7 years, respectively (Rosenblat et al. 1975). Over 90

percent of applied dieldrin was still present in the top three inches of a loam soil after

a period of 17 months (Rosenblatt et al., 1975).

Microbial degradation of aldrin occurs slowly, with the main products being close

derivatives (i.e., hydroxydihydroaldrin (Rosenblatt et al., 1975)). Several studies

(Matsumura and Boush, 1967, 1968; Matsumura et al., 1968; Wedemeyer, 1968;

Anderson e al., 1970; Matsumura, 1972; Fries, 1972) have shown that dieldrin too is

degraded over time by microbial action in soil, resulting in non-toxic metabolites. The

significance of environmental degradative processes is indicated by the fact that levels

of these compounds in the environment and diet have been steadily decreasing since

1974, when their use was suspended for agicultural applications in the U.S.

Furthermore, according to the National Human Adipose Tissue Survey dataase,

aldrin/dieldrin levels in autopsy fat samples have shown a steady decline over the past

decade. In the absence of further agricultural use of aldrin/dieldrin, the observed declne

in existing soil concentrations of dieldrin can be expected to continue. Human exposure

to dieldrin can therefore be expected to decline over time.

Uptakm of dieldrin in plants is variable. For example, potatoes grown in dieldrin-treated

soil had conceintaions almost twice as high as soil levels (Jelekar a al. 1983), while

peeled beets had levels only one third the concentaion in soil (Kohli eat a. 1973).

Concentrations in pLmtu crops appear to be less than the concentrations of the soil in

5
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which they were grown (Chawla ea a. 1981). Further data are presently being

evaluated.

A range of experim"ntal and estimated bioconcentration factors (BCFs) for aidrin and

dieldrin is also reported above. ASTM (1985) indicates that chemicals with

bioconcentmtIon factors less than approximately 100 have low potential for causing harm

to wildlife and human health via biomagnification of residues up food chains. Thb

magnitude of the bioconcentration factors suggest that appreciable bioconcentration and

biomagimfication of aldrin/dieldrin residues may occur.

METABOLISM AND TOXICOKINETICS

Summanr of Metabolism Data

Extensive data have been published on the metabolism of aidrin and dieldrin. Shell has

also developed its own working summary (Shell, 1984). Aldrin is rapidly oxidized to

dieldrin in both plants and animals (including humans). Dieldrin is slowly metabolized

to more hydrophilic compounds which are excreted via feces and urine. There is no

evidence of significant qualitative differences in metabolites formed in diffement animal
species, including humans. The major metabolite of dieldrin in most species is 9-

hydroxydieldrin, with lesser amounts of 6,7-trans-dihydroxydihydroadrin, its

dicarboxylic acid derivative and the bridged pentachloroketone formed in species-specific

ratios.

The data base is incomplete, however, as not all the metabolites which have been

identified have been sought in the species which have been examined for toxicity. The

major animal membolites, 9-hydroxy dieldrin, the pentachloroketone and the 6,7-diol,

have also been identified in humans. None of these metabolites have been shown to

possess biological acWivity approaching that of dieldrin itself.

6
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Absorgtion and Distribution

Aldrin and dieldrin are absorbed into the body from the alimentary tract, through the skin

or by inhalation of the vapor or dust. Aldrin is rapidly converted to dieldrin in the body,

and exposure to either compound results in almost immediate elevation of dieldrin levels

in the blood. Dieldrin in blood is rapidly stored, predominantly in fatty tissues, from

which it slowly re-enters the blood over time and is detoxified in the liver and excreted.

The typical distribution ratio for (dieldrin in adipose tissue/dieldrin in blood) is 136 under

equilibrium conditions of intake, storage, and elimination (Hunter and Robinson, 1967;

Hunter et al., 1969), indicating the large storage capacity of fat for this material. Since

dieldrin is taken up very rapidly, especially in fatty tissues, and since the biological half-

life of dieldrin is very long (approximately 9 months in humans) the levels in blood are

quite stable and representative of total body burden. With continuous exposure to aldrin

(or dieldrin), the rate of elimination gradually increases until a steady state is achieved

at about 21 to 24 months.

StMAdy State Concentrations

When a steady state is reached between intake and excretion, the amount of dieldrin

found in specific tissues reflects the total amount absorbed regardless of the route of

absorption. The ratio of dieldrin intake (e.g., ppm in food) to the concentration found

in various tissue has been determined for several species, including the human. It is

possible, therefore, to estimate daily exposures from tissue concentrations and,

conversely, the tissue concentrations in different organs at given dietary exposures.

NIOSH (1978) summarized some of these data for different species.

Blolou~eal FHlf-lif,,

Since dieldrin is only slowly metabolized and excreted, it accumulates in the body.

Available information leads to the conclusion that with continuous exposure, a plateau

is reached for concentrations found in the various body tissues - an approximation being

that 95 % of the maximum for a particular intake would be reached in a time interval of

three times the excretion half-life. There are data for half-lives of dieldrin in many

7
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species, including man. Many of these data were summarized by Moriarty (1975), and

irclude the following:

TABLE 1.

Biological Half-Life of Dieldrin in Several Species

u Biological half-life (davs&

Laboratory rat 5 - 15

Pigeon 47

Steers and heifers 74

Ewes 97

Beagle dogs 126 - 164

Human 266

Correlation of Dieldrin Blood Levels With Exoure and Effets

Symptoms of aldrin/dieldrin intoxication are non-specific, and thus a differential

diagnostic test is required to confirm that symptoms, signs and clinical course of any

particular case are the result of aldrin/dieldrin intoxication. Extensive work, including

animal studies, medical surveillance of workers employed in the manufacture or

formulation of aldrin/dieldrin, and human volunteer studies, has demonstrated that the

adverse effects caused by aldrin/dieldrin are directly related to the oncentration of

dieldrin in the blood (Brown et al., 1964; Hunter and Robinson, 1967; Hunter et al.,

1969; Jager, 1970). Thus, determination of dieldrin levels in blood provides a powerful,

convenient and reliable differential diagnostic aid. Further, since data have been reported

on dieldrin levels in blood as well as various tissues and organs of both animals and

humans, it is possible to extrapolate from one route of exposure to any other route, and

to determine rather precisely what the total exposure to aldrin/dieldrin has been. It

should also be pointed out that dieldrin blood levels are more reliable, useful and

definitive indicaton of actual exposure than human diet estimates.

8
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Because of the convenience and early demonstration of the value of blood monitoring,

it has been possible to correlate blood levels with specific observed effects following

exposure to aldrin/ dieldrin. Jager (1970) showed that no objective clinical or laboratory

indications of adverse effect were seen in workers whose blood dieldrin levels were less

than 200 ng/ml (0.2 ug/ml). Further discussion of blood levels with specific effects

follows as appropriate in this document.

TOXIC EFFECTS OF ALDRIN/DIELDRIN

There is a considerable body of information on the toxicity of aldrin and dieldrin derived

from studies of laboratory animals, domestic animals, and humans under both laboratory

and practical conditions. This data base includes reports and papers published thirty to

forty years ago, when dieldrin was used for public health purposes and also for the

treatment of external parasites in domestic animals.

Both aldrin and dieldrin are acutely toxic to animals and humans. The oral LDWs for

aldrin and dieldrin in rats are 39-60 mg/kg and 46 mg/kg, respectively (Merck, 1983).

The dermal LDo for both aldrin and dieldrin is approximately 100 mg/kg. No

information suggests tha there are any major species differences in the acute toxicity of

aldrin and dieldrin.

Maior TarCte OmM and Systems for Aldrln/DieldrIn

Available animal and human evidence points to the central nervous system (CNS) as the

main wrget ora for acute toxic effects of aidrindieldrin. These effects, including

hp citability, tremors, convulsions and possibly death from anoxia, are thought to

be due to a generalized overstimulation of synapses. Liver is also a target organ in many

species, responding with hypertrophy and/or enzyme induction in a species-secific

maner. Mice appear to be more susceptible than other species with respect to liver

lesiou. Dieldrin-induced immunosuppression has been observed in mice (e.g.

Krzystyniak et al. 1989) and several other species (Wassermann et al. 1972; Kaninski

9
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et al. 1982), but this effect has not been noted in humans. In general, liver is the most

sensitive target, showing reversible changes (e.g. hepatomegaly, enzyme induction) at

levels of exposure that have no detectable effect on the CNS.

Central Nervous System

Acute or long-term overexposure to aldrin and dieldrin produces effects ranging from

apprehension and excitability to involuntary muscle movements and epileptiform

convulsions in all mammalian species that have been studied. These effects are caused

by global intensification of synaptic activity, apparently due to inhibition of GABAergic

transmission (Woolley et al., 1985).

Some of the studies relating to the CNS have been summarized by Taylor and Calabrese

(1979). In humans, exposure to high levels of aldrin/dieldrin produces

electroencephalographic (EEG) anomalies (Spiotta, 1951; Hoogendam et al., 1962, 1965;

Kazantzis e" al., 1964; Jager, 1970; Gupta, 1975). Jager (1970) described the EEG

changes as consisting of bilateral peak and dome complexes which did not occur when

dieldrin blood levels were below 0.2 ug/ml. The EEG anomalies he described had

disappeared within a few weeks or months after exposures were discontinued.

Garrettson and Curley (1969) reported a parallelism between the rate of disappearance

of EEG changes and the rate of decrease in dieldrin blood levels in the case of an

accidentally poisoned child. Now, blood analysis has supplanted EEG examinatim as

the method of choice for monitoring exposed persons. Based on studies with exposed

workers, Brown au a. (1964) concluded that a blood dieldrin concentration of 150-200

ug/l is th threshold for CNS effects. This level is supported by other human data

reported by Avar and Czegledi-Janko (1970) and Kazantzis et al. (1964).

Those who survive recover completely after a short period of residual symptoms and

signs (Hoogendam et al., 1962; Jager, 1970; Avar and Czegledi-Janko, 1970). Rare

10
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cases have been reported in which some unusual sequelae were alleged to be due to

aldrinldieldrin poisoning, but in each of these cases, the connection to aldrin/dieldrin was

circumstantial, the exposure had not been high, no analyses of dieldrin concentrations in

blood or fat were reported and the symptoms reported were different from and not typical

of results from animal experiments. Importantly, in humans, even at exposures which

caused clinical signs of CNS effect, there were no observed effects on any other organ

system.

Uver

There are distinct species differences in liver responses to aldrin/dieldrin, including

increased liver-to-body weight ratios, induction of hepatic drug metabolizing enzymes and

neoplasia (Wright et al. 1972, 1977, 1978).

nzym Induction

Animal SudS
The earliest, most sensitive response to aldrin/dieldrin exposure in many species is the

proliferation of hepatic smooth endoplasmic reticulum and the induction of several drug

metabolizing enzymes, including the microsomal cytochrome P450-dependent

monooxygenases. These inductions may serve to increase or decrease the toxicity of a

given xenobiotic, since specific enzymatic activities can either detoxify or bioactivate not

only the inducing compound but others which may also be present.

In addition to enzyme induction, mouse liver tissue responds with organ weight and

structuml changes that are visible under light or electron microscopy. In the Wright et

al. studies cited above, primates did not show increased liver weights following dieldrin,

wheas mice did. Other primate studies (Adamson and Sieber, 1983) further highlighted

the differences between odents and primates with regrd to hepatic responses to

orP abolhCorinem.

Prepared by Shell Oil Company



Human Saudie

Most significantly, a number of human studies have shown no evidence of alterations in

liver structure or function, including enzyme induction, in exposed manufacturing and

agricultural workers and volunteers who were examined specifically for this endpoint.

Many reports (Hunter etal., 1969; Jager, 1970; Warnick and Carter, 1972; Morgan and

Roan, 1974; Ottevanger and van Sittert, 1979; Sandifer et al., 1981; van Sittert and de

Jong, 1987) have shown that no liver enzyme induction occurs in humans with blood

dieldrin levels at or below 105 ng/ml (0.1 ug/mI). Using a 10-fold safety factor to

extrapolate to the general population, a safe blood dieldrin level of 10 ng/ml (0.01 ug/nil)

has been used. It should also be noted that a no observed adverse effect (NOAEL) blood

dieldrin level of 20 ng/ml (0.02 ug/ml) has been determined for humans.

On the basis of the criteria proposed by the Carcinogen Assessment Group (CAG) of the

U.S. EPA for evaluating the overall weight of evidence for carcinogenicity to humans,

both aldrin and dieldrin are classified as Group B2 carcinogens (probable human

carcinogens) (U.S. EPA, 1989) due to their heptocarcinogenicity in mice.

Mace

Aldrin/dieldrin have been tested extensively for carcinogenic potential in mice (Davis and

Fitzhugh, 1962; Walkert al., 1972; Hunt a a.., 1975; Tlope and Walker, 1973;

Epstein, 1975; National Cancer Institute (NCI), 1978; Dix, 1981; Meierhenry a al.,

1981; Tennekes et al., 1982). The results of several of these studies are summarized

below; the consensus from these data is that aldrin/ dieldrin cause tumors in mouse lver,

but no other ssue.

The early studies of aldrin and dieldrin by Davis and Fitzhugh (1962) used or'v one dose

level, 10 ppm, and were not conducted according to current standards, but showed that

aldrin and dieldrin caused tumors in mouse livers. The Walker et al. studies (1972) were

12
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well designed and conducted. CFI mice were treated at multiple dose levels (0. 1, 1 and

10 ppm) over their lifetimes, and a dose-response relationship for liver tumors

established. A smaller number of mice were exposed to dieldrin levels of 1.25, 2.5, 5,

10 and 20 ppm to further define the dose-response relationship. Tennekes et a. (1982)

examined the results of the Walker et al. studies and concluded that the dose-response

for dieldrin supported the concept that it acted as a promoter rather than an initiator of

liver tumors in mice. A reversibility study done by Walker et al. (1972) showed a

regression of non-tumorigenic effects (hepatomegaly and cytoplasmic changes) and a

reduced incidence of type B tumors after cessation of exposure, although once liver

tumors appeared they did not regress. This observation is also consistent with a

promotional mechanism of carcinogenesis.

NCI (1978) conducted a bioassay in B6C3Fl mice at 2.5 and 5 ppm dieldrin in the diet

for 80 weeks, with an additional observation period of 13 weeks. This study was also

well designed and conducted, and confirmed a dose-related increase in hepatocellular

carcinomas in males, but not in females.

Other studies on various strains of mice (C3HeB/Fe, C3H, CF1, N6C3F1, and

C57BLI6J) confirm that dieldrin causes liver tumors in mice (Thorpe and Walker, 1973;

Hunt et al., 1975; Epstein, 1975; Dix, 1981; Meiaeery et al., 1981; Tennekes etal.,

1982).

Rats

A number of rat studies involving both aldrin (Borgmann et a!., 1952; Tron and

Cleveland, 1955; Deichmann et a., 1967, 1970, 1979; NCI, 1978a) and dieldrin (Treon

and Cle-veland, 1955; Fitzhugh er al., 1964; Deichnian ea a!., 1970, 1979; NC, 1977,

1978a, 1978b; Walker a al., 1969) have been done. In genral, liver changes typical

of chlorinated hydrocabon insecticide rodent liver (CQIMR) were seen, including

enlarged centrilobular hepatocytes with somewhat increLad cytoplasmic oxyphilia and
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peripheral migration of the basophilic granules. However, no increase in liver tumors

was observed in any of the studies.

The NCI studies were considered to be the best designed and conducted; others suffered

from excessive dosing, high mortality, short duration and inadequate pathologic

evaluation. The histopathology for three of the rat studies was reevaluated by Reuber-

(cited in Epstein, 1975) and Stevenson et o. (1976. Reevaluation of the Fitzhugh el al.

(1964) data showed an inverse dose-respn~se relationship, with 5118 rats (4/7 females

and 1/11 males) fed 100 ppm dieldrin having hepatocellular carcinomas, but only 3/11

rats at 150 ppm (Epstein, 1975). The 100 ppm response was significant at P<0.03 for

combined males and females, but 150 ppm was not. None of the other studies

substantiated this finding, and it is considered to be highly questionable.

Hamsters

In a hamster study, Cabral t al. (1979) reported that Syrian hamsters could tolerate

dietary exposures of dieldrin up to 180 ppm with no evidence of increased incidence of

liver tumors.

Dogs

Hypertrophy of individual liver cells caused liver enlargement in dieldrin-treated dogs,

with some evidence of organelie changes similar to those found in the rat (Wright et al.

1972, 1977, 1978). Regression of the liver effects following cessation of exposure

occurred more slowly thun in the rat, possibly due to the longer half-life of dieldrin in

the dog. No liver tumors were observed.

Monkmy
There was little detectable increase in liver weight or evidence of hypertrophy in the

monkey, although the dieldrin tissue conc-enations were above those associated with a

response in other species (Wright et al. 1972, 1977, 1978). The effects of feeding diets

containing 0, 0.01, 0.1, 0.5, 1.0, 1.76 or 5 ppm dieldrin (0.0002 - 0.07 mg/kg/day) to
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male rhesus monkeys for approximately six years was studied. As two monkeys at the

highest dose level died, this level was reduced.

Although the livers of test monkeys contained higher levels of dieldrin than did those of

rodents receiving similar concentrations in the diet, monkey liver response was less

marked. There was no evidence of liver enlargement or histological changes, including

neoplastic or preneoplastic changes, associated with dieldrin exposure. The liver

microsomal monooxygenase system was induced in Rhesus monkeys fed dieldrin at

dietary levels of 1.0 ppm and above for 6 yam. However, the toxicological significance

of this induction is unclear.

Aldrin and, to a greater extent, dieldrin have been the subjects of many genotoxicity

studies, including investigations of gene mutation, chromosome aberrations, and

epigenedc mechanisms of carcinogenesis. As a result of these studies, both pesticides

are considered to be non-genotoxic. Much of the data has been reviewed by Ashwood-

Smith (1981). The validity of each study which reported an adverse effect of

aldrin/dieldrin has been questioned on grounds of inadequate experimental design,

technical problems or use of inappropriately high (cytotoxic) doses. All in Wvo studies

have been negative.

Dieldrin was negative in a mouse dominant lethal assay (Epstein et al., 1972) and a

mitotic gene conversion assay (Dean et a1., 1975). Haworth et al. (1983), Glatt et a1.

(1983), Marshall etal. (1976) and DeFlora etal. (1984) all reported negative results in

mutagecity studies. Majumdar et al. (1977) reported positive results, but this study is

flawed by their failure to include positive controls and inconsistent results in the solvent

controls. Ahmed et al. (1977a) also reported positive results, but these workers failed

to use S9 fraction and encountered cytotoxicity at the higher doses.
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Majumdar et al. (1976) conducted an in wutro chromosomal aberration study with human

lung cells and found dose-dependent increases in aberrations. However, dose-related

cytotoxicity was also observed, making the study results inconclusive.

Probst e al. (1981) and Klaunig et al. (1984) reported negative results in unscheduled

DNA synthesis studies. Ahmed er al. (1977b) observed unscheduled DNA synthesis, but

their data were qualitative only, and there were critical technical flaws in both study

design and performance.

Dieldrin caused inhibition of gap junction intercellular communication in Chinese hamster

cells, an effect typical of many tumor promoters (Kurata ea, ., 1982; Trosko eral.,

1987). Wade et al. (1986) used a different technique and different mammalian cell line

to investigate the same.phenomenon.

2l, hnkm of Aldrin/Meldrin Careinogeniftv

Stevenson and Walker (1969) suggested that there might be a relationship between

hepatic enzyme induction and liver tumors, a view still regarded as plausible (Newberne,

1986; Diwan, 1986). However, this connection cannot be made indiscriminately, as

there are also many enzyme-inducing compounds, including human drugs such as the

diazepams, which cause tumors in mice but not in humans. Ramelet al. (1986)

speculated that free radical formation might be involved in the development of murine

liver tumors caused by dieldrin and other non-sgnotoxic inducers of mouse liver

hyperplasia. There is an increasing body of experimental information which supports this

view, although the mechanism has not yet been elucidated (Ruch and Klaunig, 1986).

The sinificancie of liver tumon in mice is a highly controversial matter and there is

much debate on this point, particularly where there is no other tumor response and where

no genotoxicity can be dmontrae. For reasons discussed in great detail below, use
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of the mouse liver tumor response as a basis for quantitative risk assessment for

aldrin/dieldrin in the human may not be appropriate.

TeratologrvDevelonmental Toxicity

Studies in several species have indicated that aldrin/dieldrin are not terasogenic at doses

that do not cause overt maternal toxicity (mice: Ottolenghi et at., 1974, Chernoff er al.,

1975, Dix et al., 1978, Costella and Virgo, 1980; rabbits: Dix and Wilson, 1971; rats:

Chernoff et al., 1975, Coulston ei al., 1980; hamsters: Ottolenthi et al., 1974).

Costelia and Virgo (1980) showed that both aldrin and dieldrin were fetotoxic at doses

which were also maternally toxic. Ottolenghi et al. (1974) exposed pregnant Syrian

golden hamsters and CDI mice to a dose of half the LD5 on day 7, 8 or 9 of gestation,

and observed reduced fetal weight, increased fetal mortality and increased abnormalities

(cleft palate, open eye, webbed feet) in hamsters, and abnormalities in mice. However,

the significance of these results is questionable, as the study design does not conform to

current U.S. EPA and Organization for Economic Cooperation and Development

(OECD) guidelines or standard practice.

Rearoductive Toyldetj

Animal Studies

Adverse reproductive effects associated with aldrin and dieldrin in animals, primarily

decreased litter size and increased postnatal mortality, have only been reported at doses

which also produce maternal toxicity.

Mice

Virgo and Bellward (1975, 1977) conducted two studi with Swiss-Vancouver mice.

Doses of 2.5, 5, 10, 15, 20 or 25 ppm in the diet were admnistere in the first study,

and 5, 10 and 15 ppm in the second, starting 4 weeks prior to the second mating and

continuing until day 28 post partum. In the first study, pre-weaning pup mortity was

increased at all dose levels. No gross abnormalities were seen in any pups, and no pups
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had tremors or convulsions. Significant maternal mortality was seen at 20 and 25 ppm.

No major behavioral changes were seen in dams fed 5 or 10 ppm dieldrin other than a

delayed time to start nursing, but dams showed hyperactivity at 10 ppm and above. This

hyperactivity apparently contributed to the high pup mortality. Decreased fertility was

seen at 10 and 15 ppm (but not at higher doses), and decreased litter size at 25 ppm. In

the second study, there was a dose-related decrease in pup viability at 48 hours. Litter

loss was found to correlate with aldrin/dieldrin-induced maternal hepatomegaly.

No effects were seen on fecundity, gestation period or litter size of Swiss mice fed

dieldrin at 5 mg/kg for 20 days prior to mating (Good and Ware, 1969) or at 3 ppm in

the diet for 6 generations (Keplinger et al., 1968).

Rats

Treon and Cleveland (1955) fed groups of rats aldrin or dieldrin at levels of 2.5, 12.5

and 25 ppm for three generations. A reduced number of pregnancies at the first mating

(but not in subsequent generations) was reported at 12.5 and 25 ppm aldrin and at all

three doses of dieldrin. A marked increase in pre-weaning pup mortality was seen at

12.5 and 25 ppm for both compounds. Neither material had any adverse effect on

reproductive capacity. The LOAEL was 2.5 ppm; a NOAEL was not established.

Eisenlord (1967) observed no adverse effects in a three-generation study of rats fed doses

of 0.01, l and 2 ppm dieldrin in the diet. Harr (1970) conducted a two-generation study

in Wistar rats, with doses ranging from 0.08 ppm to 40 ppm in the diet; 10 per group

were mated at 146 days. There were maternal deaths at 20 and 40 ppm, and no dose-

response for fertility or litter size. Preweaning deaths from convulsions or starvation

were seen in pups from mothers fed 2.5 ppm or higher, but not from those fed 1.25 ppm

or lower. The no-effect level was 1.25 ppm. This study had major design and conduct

deficiencies and is considered of questionable value.
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Coulston (1980) conducted a single generation study in rats administered 4 mg/kg from

day 15 of gestation through 20 days post partum. No adverse effects and no

malformations were seen.

Dogs

Kitselman (1953) studied dogs fed 0.2, 0.6 and 2.0 mg/kg aldrin or dieldrin for one-

year. Survival of pups was decreased and histologic examination of the pups revealed

hepatic and renal degenerative changes; liver changes were also seen in the mothers. The

size of the study was too limited to delineate dose-response relationships, but 0.2 mg/kg

was a no-effect level.

Deichmann (1971) dosed beagle dogs with 0.15 or 0.3 mg/kg/day aldrin for 14 months

and observed subnormal reproductive performance up to 16 months after dosing was
stop-e.

Hwnawz

Transplacental transfer of dieldrin from mother to the fetus is known to occur (O'Leary

et al., 1970; D'Ercole et al., 1976; Polishuk er al., 1977; Saxena et al., 1980), but no

adverse fetal effects have been correlated with its presence. Curley et al. (1969)

measured the concentration of dieldrin in various tissues of stillborn infants and in the

cord blood of normal-term infants. Levels in adipose and major organ tissues of

stiliborns were in the same range as that reported for the general adult population of the

U.S.; dieldrin levels did not correlate with either known or unknown cause of death.

Levels in the cord blood of normal-term infants were within the range previously

reported for human blood (Dale et al., 1966).

A study carried out in India by Saxena ei 41. (1983) is the only human study suggesting

potential reproductive effects of aldrin/dieldrin. However, this study has major analytical,

statistical and procedural deficiencies which render the results uninterpretable.
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Inhalation Toxicity

Inhalation is a much less important route of exposure for aidrin/diedrin than ingestion.

As is tue for other exposure routes, inhaled aldrin is rapidly convered to dieldrin, which

is rapidly distributed throughout the body via the blood. Dieldrin has very low volatility,

with a vapor pressure of 3.1 x 104 mm Hg at 20 degrees C, and a satmued vapor

concentration of 0.004 ppm (63 uglm3). Aldrin is slightly more volatile, with a vapor

pressure of 7.5 x 10W mm Hg at 20 degrees C, and a saturated vapor concentration of

0.099 ppm (1.47 mg/r). Based on these concentrations, and the known acute toxicity,

it is unlikely that a toxic concentration by inhalation alone could be attained for either

compound.

Animal Inhalation Studies

Rats were exposed to air containing 2-3 mg/l dust of technical aldrin or dieldrin for I

hour and observed for 48 hours to determine Class B Poison Labelling and Packaging

requirements of the Bureau of Explosives (Anderson, 1951-1954). Less than 10%

mortality occured with each material.

A study of rats exposed to air containing 1-2 mg/I of formulated products and observed

for 48 hours (Anderson, 1951-1954) gave the results shown in Table 2.

TABLE 2.

Rat Mortality Following Inhalation of Adrln or Dieldrin

ES Hgam
85% dieldrin wettable powder 10

65%•ldrin wettable powder <50

60% aidrin emulsifiable concentrate <50

The acute 4-hour LCo for rats exposed to aqueous dilutions of a 48% (w/v)

emulsifiable concentrate of aldrin as an aerosol was estimated to be equivalent to

3% (wlv) aldrin aerosol (Macdonald, 1982). Median droplet size was 52

micrometer, and although the rats were exposed 'nose only,* observed

20

Prepared by Shell Oil Company



grooming of the face after exposure and the large droplet size suggest that

ingestion was a significant contributory factor.

Mice, hamsters and guinea pigs exposed to vaporized aidrin at 0.5 g/l000 cubic

feet of air (18 mg/mr) for 178 days showed no adverse effects (Baker et al.,

1959).

Human Inhalation Studies

Human volunteers were exposed to levels of 1.31 and 15.5 ugfm3 aldrin vapor in

air for 60 minutes (Bragt et al., 1984). Medical follow-up showed no adverse

effects in any subjects. It was determined that approximately 50% of the inhaled

aldrin vapor was absorbed and retained. It has been determined that a concen-

t•ation of 6-10 uglm' aldrin is a no-observed-effect level of exposure, with

resulting dieldrin blood levels still being at or below a no-observed-effect level

for the general population. Based on the demonstrated human no-observed-effect

blood level of 0.01 ug/lmI, assuming 12 cubic meters of air are inhaled per day

with 100% retention (very conservative; actual data have shown approximately

50% retention is more realistic (Beyermann and Eckrich, 1973)), exposure to 10

ug/m' continuously for 21 to 24 months would be required to attain the blood

level of 0.01 ug/ml. This means the daily intake would be 12 0 x 10 ug/m' -

120 ug, the human no-effect level derived from the volunteer and worker studies,

using a safety factor of 10.

Trxldft to Wildlife and Domestic Anihnis

Aquatic Orpnmm

Aidrin md dieldrin are both acutely toxic to freshwater speies at low

concntrations. Tests in fish showed that the two chemicals had similar oxicities,

with LC90 values ranging from I to 46 ug/liter for different species. Final acute

values (i.e., the concentrations of material protecting 95 pment of the organisms

(U.S. EPA, 1980)) for freshwa•er species were determined to be 2.5 ug/liter for
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dieldrin and 3.0 ug/liter for aldrin. Saltwater species were also quite sensitive to

aldrin and dieldrin. The range of LC30 values was similar to that for freshwater
species: 2 to 100 ug/liter for aldrin and 1 to 34 ug/liter for dieldrin. The

saltwater Final Acute Values were 1.3 ug/liter for aldrin and 0.71 ug/liter for

dieldrin.

Chronic studies of the effects of dieldrin on freshwater and saltwater specie have

also been conducted. For freshwater organisms, chronic values as low as 0.2

ug/liter were obtained. The Final Acute-Chronic Ratio was determined to be 8.5,

and the calculated Freshwater Final Chronic Value is 0.29 ugliter. Only one

chronic study was done on saltwater species. Therefore, the saltwater Final

Chronic Value of 0.084 mg/liter was determined by dividing the Final Acute

Value by the Acute-Chronic ratio.

No chronic studies were identified for aldrin, but because its acute toxicity is

comparable to that of dieldrin and because it is rapidly converted to dieldrin in

animals and in the environment, it likely exhibits chronic toxicity as well.

Wild and Domestic Birds and Mammak

Both compounds, but especially dieldrin, have been associated with

large-scale bird and animal kills in treated areas. The LD90s of aldrin and

dieldrin in several specie ate listed in Table 3.
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OraZL LD.s of Aldrin and Dieldrin in Wild and Dommti Birds and

,&1drin Dieldrn

Asan

Mallard duck 520 381

Pheasant 16.8 79

Bobwhite quail 6.59 -

California quail <9.0

Mammalan

Mule deer 18.8-37.5 75-150

Goat 100-200

"Data from Hudson etal. (1984)

Enidemloloa, Data

As discussed previously, while the earliest and most sensitive effect of

aldrin/dieldrin in many animal species is induction of liver microsomal mixed

function oxygenase enzymes (Wright et al., 1972), it has been well documented

in studies with long-term exposed humans (volunteers, manufacu-ring and

formulation workers and agricultural workers) that these changes do not occur in

humans (Hunter et al., 1969; Jager, 1970; Warnick and Crter, 1972; Morgan

and Roan, 1974; Otevuager and van Siamert, 1979; Sandifer etal., 1981).

In a recent study of eccptioaally exposed humans, liver function of
drindieldrin wokr showed no changes associated with exposure to these

materials, even in those woke with the most extensive exposum (van Sittert and

de Jong, 1987). There were 100 exposed workers in the study, with 29 in the

group with the highest exposures and 808 non-exposed office workers in the
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control group. In the group of aidrin/dieldrin workers with longest duration of

employment (median: 21.6 yrs; range: 7.1 to 26.6 yrs), the highest personal total

aldrin + dieldrin intake (median: 1260 mg; range: 777 to 5758 mg), and the

highest personal daily intake (median: 209 ug/person/day; range: 103 to 941

ug/person/day), there were no statistically significant differences in serum levels

of alkaline phosphatase, alanine aminotransferase, lactate dehydrogenase, and

gamma glutamyl tranferase or in urinary levels of glucaric acid compared to the

large control group. Serum gamma glutamyl transferase was slightly increased

compared to controls, but all results outside the upper reference limit could be

explained by the individuals' medical histories. In addition, the four workers

with the highest average personal daily intake over their total exposure period

(range: 464-941 ug/person/day), with a total absorbed dose of aldrin + dieldrin

ranging from 2219 to 5758 mg, showed no abnormalities in any liver function

parameter. The authors concluded that 'long-term occupational exposures to

aldrin and dieldrin, up to 941 ug/person/day and up to a peronal total intake of

5758 mg, did not produce detectable liver damage or hepatic enzyme induction."

The workers in the above-described study are also included in an ongoing study

of more than 1000 workers exposed to aldrin and/or dieldrin (Jager, 1970;

Versteeg and Jager, 1973; van Raalte, 1977; and most recently Ribbens, 1985).

Although many of these individuals had high exposure and have been observed

for more than 25 years, no increase in the incidence of liver cancer among them

has been observed. In the most recently published update on mortality from this

group of workers (Ribbens, 1985), the observed total mortality of a sub-group of

232 men with long-term exposure (mean = 11 years; range 4-27 years) to high

concentrations and with long observation times (mean - 24 years; range 4-29

years) was 25, *significantly lower than the expected number of 38" for the study

group.

24

Prepared by Shell Oil Company



This study is now being updad again (de Jong (1990) presented to the U.S. EPA

on April 10, 1990). The mortality and exposure components of this most recent
follow-up were reviwed by a panel at Georgetown University in October, 1989,

which concluded that the study had been carried out according to accepted

procedures and hence could provide a basis for comparison of the carcinogenic

and toxic effects of aldrin/dieldrin exposure on mice versus humans. A draft of

this section (Chapter 5 in de Jong, 1990) reflects certain comments made by the
Georgetown peer review panel. It is important to note that the de Jong study

990) is superior to its Predecessors in two significant respects:

(1) the follow-up interval following cessation of exposure is longer, and (2) it
incorporates a biological monitoring study which permits estimation of personal

exposures during the period of exposure, and hence delineation of dose-response

relationships. Notably, with the observation period extended up to 1987 (35

years), no statistically significant increased risk was found for any of the site-

specific cancers examined in the exposed groups. A preliminary statistical

analysis of these data (Sielken (1990) also presented to EPA on April 10, 1990)
indicated an apparent dose-related decrease in cancer incidence. The significance

of the observed decrease is currently under study. Sielken also compared the

mouse and human data and concluded that the available evidence suggests that

they are not compatible.

A similar study done on workers from four pesticide plants in the United States

(Ditraglia et at., 1981) also found deaths to be fewer than the expected number

from all causes. Another report (Hayes and Curley, 1968) premsted a correlaton

of exposures and dieldrin levels in plasma, fat and urine from workers at one of

these plants (the Rocky Mountain Arsenal). This report concluded that dieldrin

levels were more related to total exposure than to either high or low recent

exposures, and that dhr was no relationship between dieldrin levels found and

the use of sick leave for the wors.
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Disaussion of apidesiological Data

The importance of regular updating for relevant epidemiology studies
becomes evident as each additional few years of observation provide
increasingly valuable information. For instance, at the time of the
U.S. EPA Hearings on dieldrin in 1974, the Shell experience at Pernis
was based on an exposure period of about 20 years. Now that experience
covers a period of 35 years and is continuing. As mentioned above, a
major update of the data for these subjects is presently in progress
(De Jong, 1990), and the results were subjected to peer review prior
to publication. Since this population had a high initial exposure, it
seems reasonable to assume that the continuing study of this population
would detect any untoward effect in humans should it occur. The same
comment also applies to the Ditraglia (1981) cohort (which includes the
Rocky Mountain Arsenal workers), which was updated by NIOSH through
1982. Apparently, the additional six years of follow-up did not reveal
any statistically significant excess in cancer deaths. It is our
understanding that NIOSH plans to update these additional observations,
but has not yet completed the analysis.

Although the U.S. EPA previously considered "...that there is no
evidence presently available to indicate that any of the termiticides,
including aldrin/dieldrin, are carcinogenic in humans" (July 19, 1983,
letter from Edwin Johnl ;n, former Director of U.S. EPA Office of
Pesticide Programs, to Roger Strelow, who had written to Johnson as
counsel for Shell International Chemical Company), its Cancer
Assessment Group (CAG) has reclassified aldrin/dieldrin as B2, a

probable human carcinogen (sufficient evidence of carcinogenicity in
animals, inadequate evidence of carcinogenicity in humans) on the basis
of the mouse tumor response (U.S. EPA, 1989 (IRIS)). In this
estimation of the human risk of these compounds it differs with the
World Health Organization (WHO), the national Toxicology Program (NTP)

of the U.S. Department of Health and Human Services, and the
International Agency for Research on Cancer (IARC).
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IARC classified aldrin/dieldrin in Group 3, "the agent is not classifiable as to its

carcinogenicity in humans; agents are placed in this category when they do not

fall into any other group, in 1982 and again in 1987 (IARC, 1982, 1987). The

IARC Group 3 classification corresponds to an U.S. EPA rankdng of Group C

('possible human carcinogen" - limited evidence in animals and absence of

human data) or Group D ('not classified" - inadequate animal data).

On the basis of the available animal and human data, neither aidrin nor dicldrin

am classified as "known' or 'reasonably anticipawd to be carcinogens by the

NTP (1989).

The WHO Expert Committee on Pesticide Residues (Food and Agricultural

Organizatin[ FAOjIWHO, 1978) aeed that aldrin and dieldrin did rot present

carcinogenic hazard to humans, stating: 'These new findings again support the

view that dieldrin and aldrin are not carcinogens on the basis .of the knowledge

available to the meeting. This position was recently reaffirmed in the report of

a task group on aldrin/dieldrin by the International Programme on Chemical

Safety, which concluded that "all the available information on aidrin and dieldrin

talke together, including studies on human beings, supports the view that for

practical purposes, these chemicals make very little contribution, if any, to the

incidence of cancer in man* (WHO, 1989).

REGULATIONS AND STANDARDS

Ambleft Water Qualty Criteria (U.S. EPA, 1986)

Amute Tsldkt. Aldrin: 3.0 ugliter

Dicldrin: 2.5 pg/liter

Chronc toxicity: Aldrin: No available dam

Dieldrin: 0.0019 uglliter
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GeuAti Life (Sw•twater)

Acute Tocity: Aldrin: 1.3 pg/liter
Dieldrin: 0.71 pg/liter

Chronic toxicity: Aidrin: No available data
Dieldrin: 0.0019 ug/liter

Due to the presumed carciroenicity of both aidrin and dieldrin, the ambient

water criterion for both compounds is zero. Estimates of the cariogeiity risks

due to ingestion of contaminad water and contaminated organisms are listed in

Table 4.

TABLE 4.

F.glmated Risks of Carcinogenicity due to

Contamination of Water with Aldrin/Dieldrin
Concetraion (tnfl~er)

U Alrden Ded

10.4 7.4 7.1
10s 0.74 0.71

10 0.074 0.074

CAG Potency Slope for oral expmure (U.S. EPA, 1989):

Aldrin: 17 (mg/kg/day)'

Dieldrin: 16 (mglkgday)"'

ACGIH Threbold ILmIt Value: TWA" - 0.25 um•/m
STEI" - 0.74 mg/rn

OSHA stamndard (air): TWA - 250 pg/m&
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Applies to both aldrin and dieldrin

"Time Weighted Average
Short Term Exposure Level

R3NGZ OF DT vLVwu
CO•-Bassd 8T

The DT value is defined as that contaminant intake rate (mg/kg/day) that

should not induce any adverse effect on human health or pose a risk of

cancer occurrence greater than a predetermined risk level.

The U.S. EPA CAG's cancer potency slope derived using the linearized

multistage model on mouse liver tumor data was used to determine the

Dr values for aldrin/dieldrin used in the Human Health Exposure

Assessment for RNA. The slopes are intended to provide a plausible

upper bound of the propensity of a carcinogen to produce cancer at low

doses. Calculation of a DT using a cancer potency slope requires

selection of an acceptable cancer risk level. A range of risk levels

from 10'4 to 10.6 was considered for all carcinogens; therefore, ranges

of D. values are presented. Derivation of the CAG D, values for

aldrin/dieldrin are as follows:

D7 - Risk Level/Potency Slope (mg/kg/day)'"

For example, in the case of aldrin,

DT - 1 x 10*4/17
- 5.9 x 106 mg/kg/day

The range of CAG DT values for aldrin/dieldrin is presented in Table 5.
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TANLE S.

U.g. BiA cas DT Values for Aldria/Dieldrin at various Risk Levels
D.s (ag/kg/day)

Risk Alirin Dieldrin

10.4 5.9 x 10.6 6.2 x 10'6

10*5 5.9 x 10.7 6.2 x 10.T

10*6 5.9 x 108 6.2 x 10's

Ruman Data-Basod DrT Value

Since the mouse liver tumor response to aldrin/dieldrin is species-

specific, probably represents a non-genotoxic promotional response, is

considered by many to be non-predictive of the human response, and

since considerable data regarding the toxicity of aldrin/dieldrin in

humans are extant, an approach for determination of a D. for

aldrin/dieldrin is to base it on the available human data. A reference

dose based on human data would appear to be more relevant in

determining potential human risk than one based on mouse data.

oposies comparisons

The human data available from detailed observations on aldrin/dieldrin

manufacturing plant workers indicates that humans are no more (and

probably less) sensitive than animals with respect to the effects
studied. No evidence of either enzyme induction or CNS effects has

been seen in humans at intakes (on a per kg basis) even higher than

those which would have produced slight but discernible effects in

animals. From the data summarized above, it is possible to estimate

the intakes which may be regarded as having no effect on either the CNS

or the liver. Other non-cancer effects may be seen; there is no
evidence, however, that other effects occur at lower intakes than those

which affect the liver or CRS. The intakes which were considered to

have no effect in animals are:
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TABLE 6.

Dietary No-Effect Levels In Several Animal Species

sade IQDose Level f mjm Dil InjWM (.USXdy

Rat 0.10 (5)

Dog (0.15) s

MWoMy 0.1 (5)

(data in brackets are calculatd values)

Based on the two-year human volunteer studies and the ongoing monitoring

program of Pernis workers cited above, the no-effect blood concentration level

for humans was estimated to be 0. 1 ug/ml. Liver function tests, including tests

for enzyme induction, were carried out on the Pernis plant population at a time

when the blood ncentrations of dieldrin had fallen and no effects were seen at

or below 0.105 ug/mn. Based on Hunter and colleagues' studies (Hunter and

Robinson, 1961; Hunter tal., 1969) relating tissue concentrations to dietary

intake in a steady state condition, the blood level of 0.105 ug/ml was estimated

to be equivalent to an intake of 1.22 mg/penon/day for a 70-kg individual (17.4

uglkg/day). As this intake is over 3 times higher than the no-effect intakes listed

above for the rat, dog and monkey, these results suggest that humans are no

more, and possibly leas, ensitive to the chronic, non-carcinogenic effects of

dieldrin.

Protectve Daily ntake Levd

The averge Oal daily dieldrin intake (17.4 ug/k&/day) with which this blood

level cormponds can thefoi be regarded as an approximate no-efflet intake

level for the human. The 0.1 uglml blood level co=eonds to a tocal daily

intake of 1.221 mg/person/day (17.4 ug x 70 kg) as calculated from the

mathematical relationhip derived from the human volunteer study cited above.

Applying a safety factor of 10 to allow for individual variation and susceptibility
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results in a blood level of 0.01 ug/ml, and a corresponding daily

intake of 0.12 ag/person/day for a no-effect level.

Euman DT Based on the rEO acceptable Daily Intake (ADX)

A DT based on the WHO ADI is 0.0001 mg/kg/day; for a 70-kg person, this

corresponds to a daily intake of 0.0007 mg/person/day. This intake

level is even more conservative than the human data-based number of

0.12 mg/person/day derived above.

Potential Risk Based on 1rO AD!

To examine the consequences of exposure of mice to a dietary level of

aldrin/dieldrin equivalent to the WHO AD! of 0.0001 ag/kg/day,

estimates of tumor incidence at that dose (approximately equivalent to

0.001 ppm in feed; see NIOSH data) were extrapolated from data reported

in four studies in which more than one dose of dieldrin (Walker, 1972;

Hunt, 1975; NCI, 1978a) or aldrin (NCI, 1978a) was administered to
mice. The Hunt et al. (1975) and Walker et al. (1972) experiments were
conducted under the same conditions of housing, diet, etc. and with the
same strain (CFM) and source of mouse. The main difference was the

time when the study was carried out and the dose rates chosen. Table

7 summarizes the risk estimates calculated for the WHO ADI intake level

using various models.
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TABLE 7.

Tumorigenic Risk Level to Mice Ingesting 0.0001 ogfkg/day Aldrin or
Dieldrin (0.001 ppm in the diet)

Strain/ Sex Logit Welbull Multi- Mul& i Ceomeric Rd.
hit stage Mean

Dieldrin

CFR M 1.7E-7 2.6E-5 1.SE-3 1.6E-4 3.21E-5 I

F (1.6E-7) (5.2E-5) (6.6E-4) (2.OE-4) 3.21E-5

CF1 M 1.6E-11 2.9E-8 1.7E-12 6.5E- 4.76E-10 2

F 6.SE-7 8.9E-6 5.7E-7 9.8E-5 4.29E-6

B6C3Fl (M only)

Pooled 6.2E-8 1.5E-7 5.4E-8 1.4E-5 2.9E-7 3

Matched 5.9E-7 l.4E-6 2.1E-6 3.5E-S 2.79E-6

Aldinn

B6C3FI (M only)

Pooled L.IE-8 1.3E-7 5.9E-8 2.OE-5 2.03E-7 3

Matched 7.8E-8 8.4E-7 3.4E-8 4.3E-5 5.56E-7

1: Hunt et at. (1975)
2: Walker at. (1972)
3: NCI (1978)

Also notable is the fact that in the Na-sponsomd study (NI, 1978a) using

B6C3F1 mice, the incidence of hepatocelular carcinomas (and all other Umnors)

in the females was nt statistically significantly diffemnt in any exposed group

compamd to contals. Curioudy, the total tumor incidence in the females at the

high dose was much lowa than at the low dose.

The hiet estimated sk was obtained applying the the multihit model to the

Hunt et at. (1975) data on male animals. The risk estimate denived from the
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coresponding Walker et al. (1972) data was nine orders of magnitude less - an

indication that assessing risk on the basis of empirical models is not yet an exact
science.

The NCI male mouse data (1978a), which have been used for many other risk

assessments by U.S. EPA, predicts a risk which ranges from 4.3 x 105 to 7.8 z

104, depending an the model used. From these extrapolaed risk estimates, it

appears that even the mouse - the only species demonstrated to be susceptible to

aldrin/dieldrin-induced carciogensis - would be at very low risk for

tumorigenesis at the WHO ADI.

CERTAINTY AND UNCERTAINTY IN THE ALDRIN/IDIELDRIN

TOXICITY AND CARCINOGENICITY DATA

The data base for aldrin/dieldrin toxicity is extensive and varied. However, when

considering the risk potential associated with tOe chemicals, it is important to

take into account the strengths and weaknesses of the information used to derive

the risk estimates, and the impact these have on the degrees of certainty and/or

uncertainty associate with the estimates. Some of these factors are highlighted

in the following discussion.

Although animal toxicity data are very important and can be used to elucidate

me isms of action and indicate areas of concen for human health, they cannot

substitute for or supercede actual human data in proving the best possible

measure of potential risk to humans, no matter how elegant the study design or

appropriate the animal model used. It is self-evident that, when appropriate

safe& unceMtin factors am applied, risk am sments based on ood quality

human data cannot be improved upon by projections based on animal daL Thus

developing and using human data is a critically important stp in the process of

risk assement, sinificantdy reducing its inherent uncertity. The U.S.

Interagency Staff Group on Carcinogens concurs with this view, stating that
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"epidemiologica investigtions comprise one of the major strategies in creating

the scientific base necesary for regulatory decision-making... [and] are useful in

genoring, and refining hypotheses about potential can= risk factors....

This...makes a strong argument for.. .inclusion of their results in regulatory

decision-making, wheneve relevant exposure has occurred in human populations

(1986a). "Even if an epidemiology investigation ails to demonstrate an increased

incidence of carcinogenicity among exposed study members, upper and lower

confidence limits on the risk measure used in the study can indicate a range of

probble risk that could be incurred by a similarly composed segment (i.e., in

terms of age, race, sex etc.) of the general population" (1986b).

U.S. EPA guidelines too are consistent with this approach. For example, at a

recent workshop on cancer risk assessment guidelines (U.S. EPA, 1989), one of

the major conclusions was that, where available, human epidemiology results

should be given equal or greater weight than animal data. Furthermore, in

"-GuideLines For Carcinogen Risk Assessment,° (U.S. EPA, 1986), the Agency

states that *negative results from such (epidemiology) studies cannot prove the

absence of carcinogenic action; however, negative results from a well-designed

and well-conducted epidemiology study that contains usable exposure data can

serve to define the upper limits of risk; these are useful if animal evidence

indicates that the agent is potentially carcinogenic in humans.*

The human exposure and epidemiology reports for aldnn/dieldrin represent a

major strength of the overall data package. As pointed out above, the scope and
duration of these studies of workers exposed to high concentrations of

aldrin/dieldrin, together with information on individual exposure levels, increa

confidence in their findings of no significant increase in frequency of any tumor

types in humans.
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Certain weaknesses which reduce the predictive value of this human

exposure data should not be ignored, however, e.g.: (1) Many of the
subjects in the epidemiological studies were simultaneously exposed to

other toxicologically significant compounds, making attribution of any

of any pathological findings to a specific chemical difficult.
However, as there have been no significant findings to date, this
problem has not been encountered. (2) A relatively small number of
subjects were included in the epidemiology studies, limiting the
statistical power of the data analyses. (3) Exposure levels and
durations were variable among the subjects.

The appropriateness of the animal models used in toxicity testing

protocols must also be carefully evaluated with respect to their
applicability to the human species. The development of liver tumors

in nice is a natural phenomenon, increasingly encountered as they age.
Certain chemicals are known to promote the natural development of these

tumors. The mechanism of this effect is not fully understood at
present, and research in this area is currently very active. The
relevance of the mouse liver tumor to other species is therefore
unclear, controversial, and a significant source of uncertainty in

cancer risk assessment. Some, including the U.S. EPA, consider that
the occurrence of such tumors in mice must be considered to be

predictive of human carcinogenicity; the CAG classification of
aldrin/dieldrin as B2 reflects this position. Others, including WHO,

IARC, and NTP, consider that since the propensity for spontaneous
development of liver tumors is a murine peculiarity, tumorigenicity in
this species should not form the sole basis for ranking a chemical

which is not carcinogenic in other experimental animals (and, most
importantly, humans) as a "probable" human carcinogen. U.S. EPA itself

acknowledges that "There are widely diverging scientific views... about
the validity of the souse liver tumors as an indication of potential
carcinogenicity in humans when such tumors occur in strains with high

spontaneous background incidence and when they constitute the only
tumor response to an agent* (U.S. EPA, 1986c).
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The choices of which low-dose extrapolation model to use and of the animal data

set to utilize in the model to derive estimates of upper bounds of risk are other

substantive matters not currently setled. Different ext on models and data

sets may lead to large differences in estimates of risk at low doses. The U.S.

EPA states that Ono single mathematical procedure is recognized as the most

appropriate for low-dose extrapolation in carcinogenesis (U.S. EPA, 1986), and

"an established procedure does not yet exist for making "most likely or "best"

estimates of risk within the range of uncertainty defined by the upper and lower

limit estimates- (U.S. EPA, 1986). The latter statement applies also to the

linearized multistage model currently espoused by the Agency.

In view of the myriad uncertainties of interspecific extapolaion, the designated

"upper-limit risk" should be accompanied, where appropriate, with explicit

acknowledgment that te agent may not be a human carcinogen at all, and that

there may be zero risk of cancer to humans due to exposure. Moreover, it should

be made clear that there is currently no way to decide whether the upper-bound

value for risk is more or less likely to be the true risk than the lower-bound value

(zero). In the case of aldrin/dieldrin, it should be concluded that the true

carcinogenic risk is as likely to be zero as to be any positive value whatsoever,

whether 10-', 10' or 103.

Models of carcinogenic risk are continually evolving. Models such as those of

Moolgvkar and Venron (1979), Moolgavkar and Knudson (1981), Sielkan (1987)

and Thonland (1987) can incorporate information on cell turnover, providing

estimates of risk which mor satisfactorily fit the data. By taking alteraions in

cell dynamics into account, dtm models tend to reduce uncertainty in the

extrapolat 3 process, prticularly in cases where there my be major qualitaive

and/or quantitative species differences (as in the case of aidrin/dicidrn).
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In conclusion, it is clear that the mouse liver tumor issue is of

critical importance in understanding the rational of U.S. EPA's CAG

classification -- a point which the Agency itself acknowledges. The

assumption that murine neoplasia predicts human tumors is a subject of

intense scientific controversy at present; reference doses based on a'

different interpretation of the aldrin/dieldrin database have therefore
been included in this document. In the case of aldrin/dieldrin, where
data are available for exposed humans, the lack of an increase in human
liver tumors should be taken into account. It is therefore important
to provide the foregoing perspective to enable informed decision making

about potential significant exposure levels associated various adverse

health effects of these compounds.
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ARSENIC

Arsenic is a metalloid that is present in the environment as a constituent of

organic and inorganic compounds. Average arsenic con entrations in well water are

generally less than 20 micrograms/liter and the average concenbutIox of arunic in

U.S. drinldng water is 2 micrograms/liter. Over 90% of all surface waters contain 10

micrograms/liter or less. Average 24 hour ambient air armei levels range from 2.6

to 10.9 ng/m3. Natural arsenic content in virgin soils varies between A. 1 and 80 ppm.

Arsenic levels in food, except fish, rang from 0.01 to 0.04 ppm. Finih.; and

shellfish are reported to contain an average of 0.07 to 1.47 ppm. Typical values for

human exposure due to background are 0.06 micrograms from air, 5 ug from water

and 21 ug from food. (ATSDR, 1988) EPA (1988) quotes FDA (1985) reporting that

arsenic intake in the U.S. averages 46 ug arsenic/day. Arsenic occurs in a number

of valence states. Arsenic is generally rather mobile in the natural environment, with

the degree of mobility dependent on its chemical form and the properties of the

surrounding media. Arsenic is a human carcinogen; it causes skin tumors when it is

ingested and lung tumors when it is inhaled. The arsenic related skin tumors are

similar to sunlight induced tumors except they tend to occur on the palms of the hands

and the bottom of the feet. Sunlight related skin cancers occur in 500,000 people

each year in the U.S. Arsenic compounds are teratogenic and cause adverse

reproductive effects in animals. Chronic exposure to arsenic is associated with

polyneuropathy (disorders of the nervous system) and skin lesions. It is acutely toxic

to some early life stages of aquatic organisms at levels as low as 40 ug/liter.

Arsenic can be found in the environment in any of four valence states (-3, 0,

+3, and +5) depending on the pH, Eh, and other factors. It can exist as either

inorganic or organic compounds and often will change forms as its moves through the

various media. The chemical and physical properties depend on the state of the
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metalloid. Only the properties of metallic arsenic are presented below; properties of

other arsenic compounds are often quite different

CAS Number: 740-38-2

Chemical Formula: As

IUPAC Name: Arsenic

Chemical and Physical Properties

Atomic Weight: 74.91

Boiling Point: 6130 C

Melting Point: 8170 C

Specific Gravity: 5.72 at 20r C

Solubility in Water: Insoluble; some salts are soluble

Tranpor and Fate

In the natural environment arsenic has four different oxidation states; chemical

speciation is important in determining arsenic's distribution and mobility.

Interconversions of the +3 and +5 states as well as organic complexation do occur

and can be mediated by microorganisms. Arsenic is generally quite mobile in the

environment and is mainly transported by water (WHO 1981). In oxygenated water,

arsenic usually occurs as arsenate, but under reducing conditions, (i.e., deep well

waters) arsenite predominates. In the aquatic environment, volatilization is important
when biological activity or highly reducing conditions produce arsine or methyl-

arsenic. Sedimentation of arsenic in association with iron and aluminum does occur

frequently (WHO 1981).

In oxygenated soil, inorganic arsenic is prevalent in the pentavalent (+5)

form. Under reducing conditions, the trivalent form predominates (WHO 1981).
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Leaching of arsenates and arsenites occurs slowly due to binding with hydrous oxides

of iron and aluminum. Biomethylation in soil does occur and may be associated with

the release of methylarsines into the air (WHO 1981). Plant uptake of arsenic from

treated soils can occur, however, accumulation is not excessive.

Freshwater residue data for arsenic (organic and inorganic) indicate that

arsenic is not bioconcentrated to a high degree but that lower forms of aquatic life

may accumulate higher residues than fish (USEPA 1984a, 1986a).

Arsenic may be an essential nutrient in humans and certain animal species.

The animal data suggests small amounts of arsenic are required. The normal human

daily intake of arsenic of 17 to 40 micrograms per day is expected to meet the normal

human daily requirement. (EPA, 1988) However, arsenic has been implicated in the

production of skin cancer in humans. There is also extensive evidence that inhalation

of arsenic compounds causes lung cancer in occupationally exposed workers. Arsenic

compounds also cause noncancerous (possibly precancerous) skin changes in exposed

individuals. The pathologic hallmark of chronic arsenic exposures is hyperpig-

mentation, which is not considered to be a malignant neoplasm or a precursor to

malignancy. (EPA, 1988) There has not been consistent demonstration of arsenic

carcinogenicity in test animals for various chemical forms administered by different

routes to several species. There are some data to indicate that arsenic may produce

animal tumors if retention time in the lung can be increased. (IRIS, 1989).

EPA and the International Agency for Research on Cancer (IARC) have established

that sufficient evidence exists to classify arsenic as a human carcinogen (USEPA

1984b); it is therefore classified as a Group A carcinogen (i.e. , human carcinogen)

based upon evidence of human carcinogenicity through inhalation and ingestion

exposure. Arsenic compounds have been observed to cause chromosome damage in
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animals. Humans exposed to arsenic compounds have been reported to have an

elevated incidence of chromosome aberrations.

Arsenic compounds have been reported to be teratogenic, fetotoxic, and

embryotoxic in several animal species, and an increased incidence of multiple

malfonmations among children born to women occupationally exposed to arsenic has

been reported. Several cases of progressive polyneuropathy involving motor and

sensory nerves and particularly affecting the extremities and myelinated long-axon

neurons-have been reported in individuals occupationally exposed to inorganic arsenic.

Polyneuropathies have also been reported following the ingestion of arsenic-

contaminated foods.

Toxicity to Wildlife and Domestic Animals

Various inorganic forms of arsenic appear to have similar levels of toxicity.

Inorganic arsenic appears to be more toxic than organic forms. Acute toxicity to

adult freshwater animals occurs at levels of arsenic trioxide as low as 812 ug/liter and

at levels of as low as 40 ug/liter in early life stages of aquatic organisms. Acute

toxicity to saltwater fish occurs at levels around 15 mg/liter, while some invertebrates

are affected at much lower levels (508 ug/liter). Arsenic toxicity does not appear to

increase greatly with chronic exposure, and it does not seem that arsenic is

bioconcentrated to a great degree.

Arsenic poisoning is an uncommon but not a rare toxic syndrome among

domestic animals. Arsenic causes hyperemia (site specific congestion) and edema

(swelling) of the gastrointestinal tract, hemorrhage of the cardiac ucrosal surfaces and

peritoneum, and pulmonary congestion and edema. It may also cause liver necrosis.

Information on arsenic toxicity to terrestrial wildlife was not reported in the literature

reviewed.

62

Prepared by Shell Oil Company



Regulations and Standards

Ambient Water Quality Criteria (USEPA 1986a):

Aquatic Life (Frehwater)

Acute toxicity (As+'): 360 ug/liter

Chronic toxicity (As*'): 190 ug/liter

Aquatic Life (Saltwater)

Acute toxicity (As*'): 69 ug/liter

Chronic toxicity (As*'): 36 ug/liter

Human Health

Due to the carcinogenicity of arsenic the ambient water criterion is set at zero.

However, estimates of the carcinogenic risks from the ingestion of -ntaminated water

and contaminated aquatic organisms are:

10-1 22 ng/liter

10-6 2.2 ng/liter

CAG Potency Slope for Oral Exposure (USEPA 1986b): 1.5 (mg/kg/day)-l

CAG Potency Slope for Inhalation Exposure (USEPA 1989): 50 (mg/kg/day)-I

National Primary Drinking Water Standard: 50 ug/liter

The risk associated with the drinking water standard using the CAG oral potency

slope of 1.5 is found by multiplying the daily intake associated with 100 micrograms

(0.1 mg total in 2 L of water case) and dividing by 70 kilograms for a calculated risk

of 2 x 10-3, or 1 in 500 (rounded off).
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The calculated skin cancer risk associated with the average U.S. dietary intake of 46

micrgM /day is 1.5 x 6.5 x 10-4 = 9.7 x 10-4 or about 1 in 1000.

NIOSH Recommended Standard (air): Ceiling Level : 2 ug/m3 :

OSHA Standard (air) TWA": 500 ug/m3 (organic arsenic compounds)

ACG11 Threshold Limit Value: 200 ug/m3 (arsenic and soluble compounds)

1/ Time Weighted Average.

The D4 value is defined as that contaminant intake rate (mg/kg/day) that

should not induce an adverse effect to human health or should not pose a risk of

cancer occurrence greater than a predetermined risk level.

For carcinogeuls such as arsenic, the DT value is based on the USEPA Cancer

Assessment Group's cancer potency slopes. The potency slopes are intended to be a

plausible upper bound of the potency of a carcinogen in inducing cancer at low doses.

The cancer potency slopes have been estimated for oral exposure routes and for

inhalation exposure for arsenic.

Calculation of a Dr using a cancer potency slope requires selection of an

acceptable cancer risklvl. A range of risk levels fom 10- to 10-' is considered

for all carcinogens; therefore, a range of DT values is presented. Derivation of the

DT values for arsenic follows. The potency slope used is 1.75 mg/kg/day, which

cor to the EPA's proposed unit risk of 5.5 /ug/L

DT -r
Pouncy Slope (mg/kday)-l

1.75 (mg/kg/day)-l

- 5.7 x 10- mg/kg/day
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The range of Dr values for arsenic is presented below:

OralD?)- 1nhalation DT

I0-' 5.7 x 10-' 2.0 x 10-'
10-5 5.7 x 10-' 2.0 x I0-'

10-' 5.7 x 10-' 2.0 x 10-'

STRENGTHS AND WEAKNESSES IN THE TOXICITY AND ONCOGENICITY

OF ARSENIC FOR CONSIDERATION BY THE RISK MANAGER.

The risk assessment Forum in the Special Report on Ingested Inorganic Arsenic

concluded that the uncertainties which are currently unreslvable on a scientific basis

are best accounted for in the risk management portioei of the decision-making process.

Specifically, on a case-specific basis, the Council ecoammends that risk managers

reach their judgments in light of the knowledge that:

1. Ingested inorganic arsenic is a class A carcinogen resulting in an increused

incidence of skin cancers.

2. Only a fraction of the arsenic-induced skin cancen are fatal.

3. The non-fatal skin cancers remain of some concern.

4. The dose-response curve for the skin cancers may be sublinear, in which case

the cancer potency (5 E-5 per microgram/L of water) in this report will

overestimate the risks.
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5. Arsenic may cause cancer in internal organs.

6. Arsenic is a possible but not proven nutritional requirement in animals. There

are no direct data on the essentiality of arsenic in humans.

The major study supporting the cancer potency value is based on studies of Taiwanese

populations drinking well water containing arsenic from early 1900's to mid 1960's.

Apparently the water also was used for vegetable growing and fish farming, but the

risk potency is based only on the drinking water intake (effect is to overestimate

potency). The use of the water for fish farming may be important since fish

accumulate more arsenic than other food sources (the potential importance is that

arsenic exposure would be higher in the Taiwanese eating fish and the risk based only

on per unit arsenic in drinking water would overestimate the actual risk since arsenic

exposure was underestimated.)

In the early 1960's the water was reported to contain from 0.001 to 1.82 ppm arsenic.

In 1983 the water was also reported to contain bacteria and ergot alkaloids, the later

may be important since the incidence of the disease blackfoot appears to be higher in

this arsenic exposed population than in other arsenic exposed populations where

blackfoot is not reported to occur or seems to occur with less frequency, ie.

peripheral vascular lesions reported in vintners in Chile and in a region in Mexico.

In 1984, investigators reported that the Blackfoot may be related to a fluorescent

arsenic containing compound of unknown structure present in water where Blackfoot

is endemic. (ATSDR, 1988). Ergot alkaloids are associated with gangrene in animals

(Osweiler, 1985). Ko, 1986 (cited in ATSDR, 1988) reported that the incidence of

Blackfoot disease increased (rather than decreased) when arsenic exposure in drinking

water was decreased.

The study population was large with more than 40,000 exposed and 7,500 in the

control population. The study was not conducted in a blind fashion such that there
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may be a basis to find moe lesions in the arsenic group and to overlook lesions in the

control group (none were reported). However as a study sirength 70% of the skin

lesions were confirmed by histopathology. There were other chemicals present in the

drinking water (including ergot and bacteria), and diet may play a role with a low

protein and fat and high carbohydrate (rice) diet. The influence of thw uncertainties

remains to be determined but they signal a need for cautious charateizaton of the

risk. (EPA, 1988)

Inorganic arsenic is converted in the liver, via methylation, to an organic form that is

more readily excreted in the urine by the kidneys. It has been shown that this

enzymatic methylation process can be saturated. Blood arsenic levels start to rise

when oral intake starts to exceed 200 micrograms/day. If the toxicity of arsenic is

due to the inorganic form then higher exposure rates that exceed the bodies ability to

methylate and detoxify arsenic then individuals exposed to the higher levels may be at

substantially greater risk. Conversely, individuals exposed to low amounts of arsenic

may be at substantially less risk than that predicted by extrapolation of effects in the

higher exposed populations. This topic is under debate and has not been resolved

scientifically at this time.

EPA (1988) listed the following limitations:

1. The potential exposure to sources of arsenic other than drinking water

(diet) would result in an overestimation of risk.

2. The higher case-fatality rate and earlier median age for Blackfoot

disease may underestimate cancer risk.

3. Differences in diets other than arsenic content between Taiwanese and

U.S. populations could modify the carcinogenic response.
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The EPA Risk Council (EPA, 1988) stated: 'In the Council's view, these qualities

and uncertainties could, in a specific risk management situation, modify one's concrn

downwards as much s an order of magnitude. In such instances, the management

documents must clearly articulate this fact and state the factors that influenced such a

decision.
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BENZENE

Benzene is an important industrial solvent and chemical intermediate. It is

volatile, and atmospheric photooxidation is probably an important chemical fate

process. Data suggest that there is no appreciable bioconcentration or

biomagnification of benzene residues.

Benzene is rapidly absorbed through the lungs in humans (approximately 50%

for continuous doses of several hours at 50 to 100 ppm); retention is estimated at 30

to 50% of the inhaled dose. Animal studies indicate that absorption is inversely

proportional to the exposure concentration. Approximately 90% of orally

administered benzene is absorbed. Dermal exposure results in an hourly absorption

of 0.4 mg/cm2. Absorbed benzene is rapidly distributed in the body with high

concentrations of the parent compound in bone marrow and adipose tissue and an

accumulation of metabolites in bone marrow and liver. It is highly lipid soluble and

may accumulate in fatty tissues. Benzene is metabolized primarily in the liver by the

mixed function oxidases; the metabolites benzene oxide, catechol, and hydroquinone

are believed to be responsible for benzene toxicity. The major route of benzene

elimination is urinary excretion of the metabolite phenol. The parent compound is

excreted in exhaled air.

The most significant health effects of benzene are hemotoxicity,

immunotoxicity and neurotoxicity. Humans exposed to benzene have developed

marked hypoplasia of the bone marrow with pancytopenia and aplastic anemia. The

immunotoxic effects of benzene include altered serum immunoglobulins and

complement levels, antibodies against leukocytes, platelets, and red blood cells, and

symptoms of immune stimulation (allergy). Depressed B- and T-cell levels have been

produced in animals following inhalation exposure to benzene. Immune dysfunction

may play an important role in the carcinogenic potential of benzene. Following an

acute or low chronic exposure, symptoms of CNS toxicity have been noted in
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humans; disturbed neuronal transport characteristics occur in animals following an

acute inhalation exposure.

Benzene has not been shown to produce teratogenic effects even at levels

which produce maternal and fetotoxicity in rats. Embryo/fetotoxicity, as measured by

a decrease in weight, occurs in rats at levels of 50 to 2,200 ppm benzene; skeletal

variants can be found in rats exposed to 125 ppm or higher. Little is known about

the reproductive effects of benzene. A study in CD-I mice suggested a LOAEL of

300 ppm and a NOAEL of 30 ppm for histopathological changes of the ovaries and

testes.

A series of epidemiological studies have shown statistically significant

associations between leukemia (predominantly myelogenous) and occupational benzene

exposure. IARC (1982) has concluded that there is sufficient evidence that benzene is

carcinogenic to man. EPA has similarly listed benzene as Group A human carcinogen

(USEPA 1989). The Gene-Tox Carcinogenesis Panel categorizes benzene as having

sufficient positive evidence for carcinogenicity in animal studies. A study conducted

by NTP (1984) (as cited in ATSDR 1987) concluded that there was clear evidence for

the carcinogenicity of benzene in both male and female rats and mice after oral

administration of the compound. A significant increase in leukemia in mice exposed

by inhalation to benzene was reported by Cronkite et al. (1984, 1985) (as cited in

ATSDR 1987).

Although benzene has not been shown to be mutagenic in the Salmonella

typhimurium assay, in yeast, in the sex-linked recessive lethal mutation assay with

Drosophila melanogaster, or in the mouse lymphoma cell forward mutation assay, it

has been found to produce chromosomal aberrations in the peripheral lymphocytes

and bone marrow cells of humans and animals.

CAS Number: 71-43-2

IUPAC Name: Benzene

Chemical Formula: CAI-
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Chemical and Physical Proprties

Molecular Weight: 78.12

Boiling Point: 80. I °C

Melting Point: 5.560C

Specific Gravity: 0.88 at 200C

Solubility in Water: 1,780 mg/liter at 25"C
1,750 mg/liter at 25*C (USEPA 1986.)

Solubility in Organics: Miscible with ethanol, ether, acetic acid, acetone,
chloroform, carbon disulfide, and carbon tetrachloride

Log Octanol/Water Partition Coefficient (Y..):

2.01 (Valvani et al. 1980)
2.11 (Geyer et al. 1984)
2.12 (USEPA 1986a)
2.13 (Moriguchi 1975)

Soil/Water Partition Coefficient (K.):

18-83 Sabljic (1984)
83 Kenaga (1986)

Bioconcentration Factor:

5.2 USEPA (1985) (experimental)
24 USEPA (1980&) (experimental)
24 Davies and Dobbs (1984) Eqn B (log K, = 2)
19.8 Lyman et al. (1982) Eqn 5-2 (log K,. = 2.01)
23.6 Lyman et al. (1982) Eqn 5-2 (log K,. - 2.11)
24.5 Lyman et al. (1982) Eqn 5-2 (log Kw - 2.13)
18.5 Davies an Dobbs (1984) Eqn C (log K,., - 2.11)
9.3 Davies and Dobbs (1984) Eqn A (S - 1,700)
16.4 Davies and Dobbs (1984) Eqn C (log K,. - 2.13)
28.8 Davies and Dobbs (1984) Eqn B (log I, - 2.13)

Vapor Pressure: 75 mm Hg at 20°C
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95.2 mm Hg at 25"C (USEPA 1985)

100 mm Hg at 26"C (Perry and Chilton 1973)

Vapor Derdty: 2.77

Henry's Law Constant: 0.006 atm-m3/mole (calculated)
5.59 x 10.3 atm-m'/mole (USEPA 1986a)

Flash Point: -11.l0C

Tiansr and Fate

Volatization is the major transport process of benzene from surface waters to

the ambient air and occurs readily (USEPA 1979). Atmospheric breakdown of

benzene is the most likely chemical fate process following its release to air. Although

direct oxidation of benzene in environmental waters is unlikely, cloud chamber data

indicate that it may be photooxidized rapidly in the atmosphere. The half-life of

benzene in air is approximately 6 days (USEPA 1986a). In surface waters, the

estimated half-life ranges from 1-6 days (USEPA 1986a).

A range of experimental and estimated soil-water partition coefficients (.,,) is

reported above and indicates that some sorption of benzene to soils/sediments and

dissolved organic material will occur. Pavlou (1980) estimates that sorption of

volatile organic compounds will range from low to moderate. The combined water

solubility and low organic partitioning of benzene suggests that this compound will

exhibit some degree of environmental mobility.

A range of estimated bioconcentration factors (BCFs) for benzene is also

reported above. ATSM (1985) indicates that chemicals with bioconcentration factors

(BCFs) less than approximately 100 have low potential for causing harm to wildlife

and human health via biomagnification of residues of food chains. The magnitude of
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the concentration factors suggests that appreciable bioconcentration or

biomagnification of benzene residues is not likely to occur.

1. Pharmacokinetics

Benzene is volatile and lipid soluble; the most frequent route of human

exposure is inhalation followed by dermal exposure (USEPA 1980b). Data suggest

that after absorption, benzene must be metabolized in order to produce its toxicity

(ATSDR 1987).

Studies of benzene absorption following an inhalation exposure indicate that in

humans, after continuous doses of 50 to 100 ppm for several hours, approximately

50% of the dose is absorbed. Retention has been reported to be between 30 to 50%

of the inhaled dose in humans. In rats and mice, there is an inverse relationship

between absorption and inhalation exposure; percent absorbed and retained during a 6-

hour exposure of 10 to 1,000 ppm decreased from 33 % to 15 % in rats and 50 % to

10% in mice (ATSDR 1987). After an oral administration, benzene is efficiently

absorbed with approximately 90% of the administered dose excreted in exhaled air

.and urine. Dermal absorption is generally lower than that for inhalation; complete

saturation of a human forearm with benzene results in an hourly absorption of 0.4

mg/cm2 (ATSDR 1987).

After inhalation, approximately 30% of the absorbed dose is distributed to

blood, and 50% into bone marrow, adipose tissue and liver. The parent compound

concentrates in bone marrow and adipose tissue, whereas metabolites accumulate in

bone marrow and liver. Due to its high lipid solubility, benzene may be stored and

accumulated in fatty tissues (ATSDR 1987).
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The metabolism of benzene takes place primarily in the liver and does not

appear to be route specific. Benzene is initially hydroxylated by the mixed function

oxidases to the highly reactive internmedfte, benzene oxide, which can either

spontaneously rearrange to phenol or undergo enzymatic hydration to an epoxide

intermediate followed by oxidation to catechol. Hydroquinone is thought to be

formed by a second passage of phenol through the mixed function oxidases (USEPA

1980b). Benzene oxide, catechol, and hydroquinone are believed to be the

metabolites responsible for benzene toxicity (ATSDR 1987).

Following inhilation exposure in humans, approximately 12 to 50% of the

unchanged form is excreted in exhaled air, the metabolites are excreted in urine.

Benzene excretion in animals is similar to that in humans. After an oral

administration to rabbits, 43% of labelled benzene is exhaled as parent compound and

1.5% as carbon dioxide, suggesting a saturation of the metabolic pathways for

benzene. Urinary excretion accounts for 35 % of the oral dose; phenol comprises

23% of those metabolites excreted in the urine (ATSDR 1987).

2. Toxicity in Humans and Animals

The target organs for benzene toxicity are primarily bone marrow and the

lymphoid system. In addition to its hemotoxic effects, benzene may also induce

immunosuppression or sensitization and neurotoxicity.

The oral LDs of benzene has been reported as 0.93 to 5.96 g/kg body weight

in male Sprague-Dawley rats and 5.6 g/kg body weight in male Wistar rats. The

LC,0 in female Sprague-Dawley rats is 13,700 ppm following a single 4-hour

inhalation exposure (IARC 1982). Lethality from an acute inhalation exposure in

humans has been attributed to asphyxiation, respiratory arrest, central nervous system

depression or cardiac arrhythmia. A lethal oral dose of benzene in humans has been

estimated at 10 ml (8.8g)(ATSDR 1987).
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The most significant health effects of benzene ame hemotoxicity,

immunotoxicity, and neurotoxicity; whereas the metabolites appear to be responsible

for the hemotoxicity and immunotoxicity, the parent compound is thought to cause the

neurotoxic effects. In humans, hemotoxicity of benzene is characterized after chronic

exposure by leucopenia, thrombocytopenia, and anemia. Pancytopenia, an

irreversible condition indicating hypoplasia of the bone marrow, has been detected in

workers occupationally exposed to high doses of benzene for longer periods of time.

The hemotoxic effects have been experimentally reproduced in animals and appear to

be independent of route of administration. Leukopenias have been reported in

animals after subchronic inhalation exposures of 60 or 88 ppm and after oral doses of

50 mg/kg. In animal studies, however, hemotoxicity does not appear to occur after

acute exposures (ATSDR 1987).

Benzene-induced immunotoxiciVy has been noted in occupationally exposed

workers; altered serum immunoglobins and complement levels, antibodies against

leukocytes, platelets, and red cells, and symptoms of immune stimulation (allergy)

have been reported. Animal studies support the findings of immune dysfunction.

Both B- and T-cells have been shown to be significantly depressed by benzene

concentrations as low as 10 ppm. Since an important function of the immune system

is immuno-surveillance of carcinogenesis, benzene leukemogenesis could be a result

of the impairment of this mechanism. No data were found to document the

immunotoxicity of benzene a,ter oral or dermal exposure (ATSDR 1987).

Following an acute exposure to benzene in humans, symptoms indicative of

CNS toxicity are noted. Acute exposure can result in drowsiness, dizziness,

headache, vertigo, delirium or loss of consciousness. Low chronic exposures result in

symptoms of CNS lesions. Disturbed neuonal transport dcracte:istics have been

noted in animals following acute inhalation of benzene. No data were found

demonstrating neurological effects in humans or animals after an oral or dermal

exposure (ATSDR 1987).
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3. Reproductive and Teratogenic Effects

Benzene crosses the human placenta; however, there is very little known about

its effect on developmental toxicity in humans WARC 1982). Epidemiological studies

have been limited by exposure to multiple substances, lack of appropriate controls,

problems in identifying exposed populations and a lack of data on exposure levels. A

number of studies, however, have evaluated the developmental/maternal toxicity of

benzene in animals via the inhalation route. Benzene does not produce teratogenic

effects, even at levels that produce maternal toxicity and fetotoxicity.

Embryo/fetotoxicity has been demonstrated in rats at levels of 50 to 2200 ppm, with a

significant decrease in weight at all dose levels, and skeletal variants found in groups

exposed to 125 ppm and higher. There is sufficient evidence to suggest that benzene

is not teratogenic or overtly embryotoxic at 10 ppm (ATSDR 1987).

There is little known about the reproductive effects of benzene. A study in

CD-1 mice suggested a LOAEL of 300 ppm for histopathological changes in the

ovaries (bilateral cysts) and testes (atrophy/degeneration, decrease in spermatozoa,

moderate increase in abnormal sperm forms). The NOAEL for these effects was 30

ppm. (ATSDR, 1987).

4.

A number of epidemiology studies have associated occupational inhalation

exposure to benzene with an increased incidence of leukemia (predominantly

myelogenous). Aksoy et al. (1974) (as cited in IARC 1982, USEPA 1980, ATSDR

1987) reported 26 cases of leukemia and a total of 34 leukemias or preleukemias

(corresponding to an incidence of 13/100,000 compared to 6/100,000 for the general

population) in Turkish workers exposed to ben;ene, peak exposures were 210 to 650

ppm. A follow-up by Aksoy et al. (1980) (as cited in USEPA 1989) reported an

additional 8 cases of leukemia. A retpetve stdy by Infante (1977), later updated

by Rinsky (1981), Rinsky et al. (1987) (as cited in ATSDR 1987, USEPA 1989) of

748 workers, reported a significant increase of myelogenous letkecnias at cumulative
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exposures less than the equivalent current standard for occupational exposure (10 ppm

over a 40 year working lifetime). However, the 8-hour TWA was occasionally

exceeded which may have contributed to the excess mortality. Ott (1978) observed 3

leukemia deaths from a cohort of 594 workers exposed to < 2 to > 25 ppm 8-hour

TWA; the increase was not significant. Wong et al. (1983)(as cited in ATSDR 19e7)

observed dose dependent increases in leukemia, and lymphatic and hematopoietic

cancer in a cohort of 4062 workers exposed to < I to > 50 ppm with peaks of > 100

ppm. It was noted however that a less than expected incidence of neoplasia in the

control population contributed to the finding of a significant increase.

Benzene has been classified by EPA as Group A human carcinogen, in part on

the basis of an increased incidence in humans of nonlymphocytic leukemia from

occupational exposure and in part on an increased incidence of neoplasia in rats and

mice exposed by inhalation or gavage. Cronkite et al. (1984, as cited in ATSDR

1987) exposed C57BLJ6 mice to 300 ppm benzene 6 hr/day, 5 days/week, for 16

weeks in order to reproduce the duration and exposure levels of occupational benzene

exposure in workers. A significant increase in leukemia was reported. A

continuation of the study (Cronkite et al. 1985; as cited in ATSDR 1987) reported a

pattern for the lymphoma, with an initial wave beginning at 150 days after exposure,

increased mortality at 330 through 390 days and a second wave of lymphoma and

solid tumors beginning at 420 days.

NTP (1984) (as cited in ENVIRON Corporation, 1987) concluded that there

was clear evidence of carcinogenicity for benzene in F344/N rats and B6C3F1 mice

of both sexes. Benzene was administered by gavage in corn oil at doses of 0, 25, 50,

100, or 200 mg/kg to male rats and 0, 25, 50, or 100 mg/kg to female rats and male

and female mice. There was a significant increase in neoplasms of the zymbal gland

of male and female rats and mice. Male and female rats had increased oral cavity

tumors and males had increased skin tumors. Male and female mice exhibited an

increased incidence of lymphomas and lung tumors. Male mice were observed to
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have harderian and preputial gland tumors and females had mammary gland and

ovarian tumors. The increases were generally dose-related.

5. MuMMicity and Chromosome Aberrations

Benzene has been found to produce chromosome aberrations in peripheral

lymphocytes and bone marrow cells from exposed workers (IARC, 1982).

Chromosome aberrations have been reported in bone marrow cells from studies in

rats, rabbits, mice and amphibians, and in human lymphocyte cultures. Positive

results have also been obtained for benzene in the mouse micronucleus assay.

Benzene has not been shown to be mutagenic in the Salmonella typhimurium assay, in

yeast, in the sex-linked recessive lethal mutation assay with Drosophila melanogaster

or in the mouse lymphoma cell forward mutation assay (ATSDR, 1987).

Toxicity to Wildlife and Domestic Animals

The EC30 values for benzene in a variety of invertebrate and vertebrate

freshwater aquatic species range from 5,300 #g/liter to 386,000 gig/liter (USEPA

1980b). However, only values for the rainbow trout (5,300 gg/liter) were obtained

from a flow through test and were based on measured concentrations. Results based

on unmeasured concentrations in static tests are likely to underestimate toxicity for

relatively volatile compounds like benzene. A chronic toxicity test with Daphnia

magna was incomplete, however, no adverse effects were observed at test

concentrations as high as 98,000 pg/liter.

For saltwater species, acute values for one fish and five invertebrate species

range from 10,900 #g/liter to 924,000 pg/liter (USEPA 1980b). Freshwater and

saltwater plant species that have been studies exhibit toxic effects at benzene

concentrations ranging from 20,000 pg/liter to 525,000 ptg/liter (USEPA 1980b).

Regulations and Standards

81

Prepared by Shell Oil Company



The USEPA (1989) report a carcinogenic assessment and drinking water health

advisory. Benzene has a classification of A (human carcinogen) based on sufficient

evidence of increased incidence of nonlymphocytic leukemia from occupational

exposure in humans and an increased incidence of neoplasia in rats and mice exposed

by inhalation and gavage. An oral slope factor of 2.9 x 102/mig/kgday and a

drinking water unit risk of 8.3 x 107 Itg/liter was estimated. Drinking water levels at

specified risk levels were identified to be 66 pg/liter (I in 10,000), 6.6 pg/liter (1 in

100,000), 0.66 stg/liter (1 in 1,000,000) (USEPA 1989). The human respiration rate

was assumed to be 20 m3/day, inhalation absorption was taken as 100% and an air

concentration of benzene of I ppm was taken to equal 3.25 mg/rn. The water unit
risk was calculated on the assumption that an adult human consumes 2 liters

water/day. From the same inhalation exposure data in humans, inhalation risk

estimates were also calculated. The inhalation slope factor is reported to be 2.9 x 10
2/mg/kg/day and the inhalation unit risk to reported to be 8.3 x 104/Lg/mI'. Air

concentrations at specific risk levels are 10 pg/rn (I in 10,000), 1 pg/rn (I in

100,000), 0.1 pg/mr3 (1 in 1,000,000) (USEPA, 1989).

Ambient Water Quality Criteria (USEPA 1986b):

The available data are not adequate for establishing criteria. However, EPA

does report the lowest concentrations of benzene known to cause toxic effects in

aquatic organisms.

Aquatic Life (Freshwater)

Acute toxicity: 5,300 pg/liter

Chronic toxicity: No available data

Aquatic Life (Marine)

Acute toxicity: 5,100 pg/liter

Chronic toxicity: No available data

82

Prepared by Shell Oil Company



National Primary Drinking Water Standard: 0.005 mg/I (40 CFR Part 141)

ACGIH Threshold Limit Value: TWA' - 30 mg/mr3

STP• 2- 75 mg/m3

OSHA Standards: TWA - 30 mg/rn
Ceiling Level -a 75 mglm3
Peak Level = 150 mg/mr3 (10 min.)

The DT value is defined as that contaminant intake rate (mg/kg/day) that

should not induce an adverse effect to human health or should not pose a risk of

cancer occurrence greater than a predetermined risk level.

For carcinogens such as benzene, the DT value is based on the USEPA Cancer

Assessment Group's cancer potency slopes. The cancer potency slopes have been

estimated for oral exposure routes and for inhalation exposure for some chemicals.

The slopes are intended to be a plausible upper bound of the potency of a carcinogen

in including cancer at low doses. Calculation of a DT using a cancer potency slope

requires selection of an acceptable cancer risk level. A range of risk levels from 104

to 10- is considered for all carcinogens, therefore a range of Dr values is presented.

Derivation of the DT values for benzene is as follows:

Risk Level
DT =

Potency Slope / mg/kg/day

Time Weighted Average.

2 Short Term Effect Level.
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I I I II I ! ! I X I i r

= Ix 10*'

2.9 x 10.2 / mg/kg/day

3.4 x 103 mg/kg/day

The range of DT values for benzene is presented below:

10W 3.4 x I(03

10-' 3.4 x 104

10' 3.4 x 10t'
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CARBON TERACHLORIDE

Carbon tetrachloride is a colorless, water insoluble, volatile liquid that is

miscible with most organic solvents. In the past, it was widely used as a solvent and

dry cleaning agent, but its use for these purposes was banned by the U.S. Food and

Drg Adminisu-aon in 1970. Today it is used puimarily in the synthesis of

chlorfluomomethua (compounds which ane used as rfrigerants, foam-blowing

agents solvents, in degreasing products, and fire extinguishers) and as grai

fumigant and pesticide. In 1980, 70 million pounds of carbon tetrachloride were

manufactured in the U.S. (USITC 1981). Air, water and foodstuffs are all potential

exposure sources for the general population, as carbon tetrachloride is very stable in

the environment with an atmospheric life-time of 60-I00 yon. It is acutely toxic;

death has occurred in humans following ingestion of 1.5-3.0 ml or inhalation of 280

ppm. The main health effects of carbon tetrachlorid amre due to its actions on the

liver, kidneys and brain. These effects are markedly enhanced by the concurrent

consumption of alcohol or other substances that incmse the microsomal enzyme drug

metabolism system, such as barbiturates. Carbon tetrahloride is an animal

carcinogen, causing liver tumors in mice, rats and hamsters, and a probable human

carcinogen.

CAS Number. 56-23-5
Chemical Formula: CC14
IUPAC Name: Tetrachioromethane
Synonyms: perchlorometihn, carbon tet, carbon chloride,

carbona

Chemical and Physical rlperties

Molecular Weight: 153.82
Boiling Point 76.5C (Merck 1983)
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76.7°C (Verschueren, 1983)

Melting Point: -22.99C

Specific Gravity: 1.59 at 20"C (liquid) (Perry and Chilton 1973)
5.3 vapor (gas)
5.5 (Verschueren, 1983)

Solubility in Water: 800 mg/liter (Rogers et al. 1980)
780 mg/liter (Davies and Dobbs 1984)
930 mg/liter (Valvani et al. 1980)

Solubility in Organics: Miscible with alcohol, benzene, chloroform, ether
and carbon disulfide

Log Octanol/Water
Partition Coefficient (Yj): 2.64 (Neely et al. 1974)

2.73 (Davies and Dobbs 1984; Rogers 1980)
2.78 (Geyer et al. 1984)
2.83 (Valvani et al. 1980)

Soil/water Partition
Coefficient (Km): 72 Sabljic (1984)

45 Rogers et al. (1980) Table V (experimental)
102-112 Lyman et al. (1982) Eqn 4-5 (S=780-930)
328; 462 Lyman and Loreti (1987) (log Kow=2.64;

2.83)
650; 825 Lyman et al. (1982) (Eqn 4-8; Kow=2.64;

2.83)

Bioconcentration Factor:

17 Neely et al. 1974 (experimental)
72 Davies and Dobbs (1984) Eqn B (log Kow=2.8)
69.95 Lyman et al. (1982) Eqn 5-2 (log Kow=2.73)
76.3 Lyman et al. (1982) Eqn 5-2 (log Kow=2.78)
83.3 Lyman et al. (1982) Eqn 5-2 (log Kow=2.83)
13.7; 77 Davies and Dobbs (1984) Eqn 3 (S=855; 40)
30 Davies and Dobbs (1984) Table 2 (experimental)
36 Davies and Dobbs (1984) Eqn C (log Kow-2.8)
79 Lyman et al. (1982) Eqn 5-2 (log Kow=2.8)
30 Barrows et al. (1980) (experimental)
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Vapor Pressure: 90 mm Hg at 200C (USEPA, 1986)
100 mm Hg at 23"C (Perry and Chilton 1973)
115.2 mm Hg at 25"C (Johns 1976)

Vapor Density: 5.32

Henry's Law Constant: 2.4 x 10-2 atm-m3/mole

1.01 dimensionless (USEPA, 1986)

Odor Threshold: 21.4 ppm in air (Fazzalari, 1978)

50 mg/l in water (Verschuerme, 1983)

Transport and Fate in the Environment

Carbon tetrachloride has a high vapor pressure and therefore volatilizes rapidly

into the atmosphere from surface water and from surface soils. A range of

experimental and estimated soil-water partition coefficients (K.,) is reported above and

indicates that sorption of carbon tetrachloride to soils and sediments and dissolved

organic material will occur. Pavlou (1980) estimates that sorption of volatile organic

compounds will range from low to moderate. The combined water solubility and

organic partitioning of carbon tetrachloride suggests that this compound will exhibit

some degree of environmental mobility.

Carbon tetrachloride is very stable in the atmosphere as it does not react with

hydroxyl radicals that initiate the breakdown and transformation of other volatile

hydrocarbons (ATSDR 1988). Additionally, carbon tetrachloride is not subject to

photolysis in the troposphere (Davis et al. 1975). The atmospheric lifetime has been

estimated to range from 60-100 years (USEPA 1984). In order for photodegradation

to occur, the compound must diffuse to the stratosphere where the more prevalent,

shorter ultraviolet light will attack the molecule to yield free chlorine atoms and

trichloromethane radicals (Molina and Rowland 1974).
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Carbon terachloride in water also does not photodegrade or oxidize and has an

estimated half-life of 7000 years at a concentration of I ppm, a pH of 7.0 and a

temperature of 25"C (Mabey and Mill 1978). The physical and chemical properties

of this compound favor volatilization from water to air.

A range of experimental and estimated bioconcenration factors (BCFs) for

carbon tetrachloride is also reported above. ASTM (1985) indicates that chemicals

with bioconcentration factors less than approximately 100 have low potential for

causing harm to wildlife and human health via biomagnification. The magnitude of

the concentration factors suggest that appreciable bioconcentration or biomagnification

of carbon tetrachloride residues is not likely to occur.

Background Eosure

Since carbon tetrachloride is readily volatilized, most of the compound will

exist in air. There are no known natural sources of carbon tetrachloride and its

presence in the environment is attributable to direct release to the atmosphere during

production or use of the agent. A significant amount is also generated from

photodegradation of perchloroethylene, another widely used industrial solvent

(Letkiewicz et al. 1983).

Concentrations of carbon tetrachloride in air were monitored from various

locations across the U.S. and found to range from nondetectable to 70 pg/nIr (I I ppb;

Brodzinski and Singh 1983). Average values were 0.8 pg/mr in rural areas, 1.2

#g/m' in suburban and urban areas, and 3.7 pg/m3 near emission sources (Brodzinski

and Singh 1983). With these values, an estimated typical carbon tetrachloride

exposure level of 0.1 p&g/kg/day has been reported (ATSDR 1988). Carbon

tetrachioride is also a common contaminant in indoor air with concentrations in some

homes as high as I pg/m', due to the presence of carbon tetrachloride-containing

building materials and household products (Wallace 1986).
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Carbon tetrachloride is a contaminant in water supplies in the U.S., although

99% of all.groundwater supplies and 95% of all surface water supplies contain less

than 0.5 ug/liter (ATSDR 1988). By comparison, typical values for carbon

tetrachloride in chemical waste sites range from 50 to 1000 ug/liter (ATSDR 1988).

From the data available, a typical exposure level in water has been estimated at 0.01

ug/kg/day (ATSDR 1988). There is no information available on background exposure

levels for carbon tetrachloride in soil or foodstuffs.

Heatlth.Effets

Hiumuan 1t

The major pathological effects following exposure to carbon tetrachloride by

either ingestion or inhalation are liver and kidney damage, with death often

attributable to acute hepatic and/or renal failure. There are many reports of

accidental poisoning and deaths in humans due to inhalation of carbon tetrachloride

fumes, with the lethal exposure level dependent on the amount of compound present

and the duration of the exposure. There are reports of deaths after ingestion of as

little as 1.5-3.0 ml of carbon tetrachloride or inhalation of as little as 280 ppm

(USEPA 1984).

Isolated reports of liver cancer in humans have been made following both

acute (Tracey and Sherlock 1968) and long-term (Johnstone 1968) exposure to carbon

tetrachloride fumes. However, adequate epidemiological studies have not been

performed to support the conclusion that carbon tetrachloride is a human carcinogen.

Therefore, it is considered a suspected human carcinogen, based on the strength of the

animal data.

The principal clinical signs of carbon tetrachloride exposure are a swollen and

tender liver, elevated serum levels of hepatic enzymes (such as alanine amino

transferase, ALT), elevated serum bilirubin levels, and decreased serum levels of
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liver proteins (such as albumin)(USEPA 1984). In cases of death after acute

exposures, histological findings on autopsy include hepatitis, hepatic fat accumulation,

and pronounced centrilobular necrosis (Umiker and Pearce 1953; Jennings 1955).

The levels of carbon tetrachioride exposure which can produce these hepatotoxic

effects in humans are not well-defined, although levels for a lowest-observed-advene-

effect-level (LOAEL) and a no-observed-adverse-effect-level (NOAEL) have been

reported. A NOAEL of approximately 10 ppm was reported by Stewart et al. (1961)

after 70-180 minute exposures to carbon tetrachloride produced no changes in serum

hepatic enzyme levels. The same study established 50 ppm as a LOAEL because a

slight decrease in serum iron levels was seen at this dose.

In addition to hepatotoxic actions, carbon tetrachloride is a potent nephrotoxic

agent in humans. Nephritis and nephrosis are common following inhalation or oral

exposures (Norwood et al. 1950; Jennings 1955). The clinical signs of renal

dysfunction which develop within hours to days of carbon tetrachloride exposure are

anuria, albuminuria, edema, and hypertension (ATSDR 1988). Following fatal

carbon tetrachloride exposures, autopsy and histological examination usually reveal

mild degeneration of the kidney (Norwood et al. 1950; Jennings 1955). The exposure

levels which lead to renal damage in humans are not well-defined, although there are

reports of proteinuria in workers exposed acutely to as little as 200 ppm carbon

tetrachloride (Barnes and Jones 1967). A NOAEL of approximately 10 ppm for 180

minutes exposure to carbon tetrachloride has been reported for renal effects (Stewart

et al. 1967).

Other immediate symptoms of carbon tetrachloride exposure (lethal or life-

threatening levels) include severe abdominal pain, nausea and vomiting, and

depending on the dose, gastric and intestinal hemorrhages. Exposures to

concentrations around 100 ppm (nonlethal) result in less severe but similar symptoms

(Kazantis and Bromford 1960 as cited in USEPA 1984). Concurrent central nervous

system symptoms are dizziness, headache, confusion, semiconsciousness, and delirium

95

Prepared by Shell Oil Company



(Torkelson and Rowe 1981). Effects on other organ systems, such as the eyes,

respiratory and cardiovascular systems, have been reported, although these effects

appear to be secondary to severe renal injury and/or central nervous system

depression rather than direct actions of carbon tetrachloride on lung or cardiac tissue

(ATSDR 1988). In one recent report, chronic lymphocytic leukemia has been linked

to occupat•onal exposure to a number of solvents, including carbon tetrachloride

(Linet and Blattner 1985).

All of the above effects of carbon terachloride are markedly enhanced by the

concurrent consumption of alcohol or other substances that increase the microsomal

enzyme drug metabolism system, such as barbiturates. In addition, people suffering

from pulmonary diseases, gastric ulcers, liver or kidney diseases, diabetes, or

glandular disturbances may be especially sensitive to the effects of carbon

tetrachloride.

Animal nat

As in humans, the hepatotoxic effects of carbon tetrachloride exposure are the

most prominent of its systemic actions. Unlike humans, renal injury does not often

occur in animals following inhalation of carbon tetrachloride; however, the kidney is

a target organ after oral administration of the compound (ATSDR 1988). In rats,

exposure to 10 to 50 ppm carbon tetrachloride (acute or subchronic) results in mild to

moderate liver injury with signs such as elevated serum hepatic enzyme levels and

inflammation (Adams et al. 1952; David et al. 1981; Paustenbach et al. 1986). Long-

term exposure to lower levels (1 to 5 ppm) of carbon tetrachloride did not produce

any significant changes in liver function in rats, monkeys or guinea pigs (Adams et al.

1952; Prendergast et al. 1967).
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The oral LD50 for carbon tetrachloride is 2920 mg/kg in the rat, 12800 mg/kg

in the mouse, 6380 mg/kg in the rabbit, and 3680 mg/kg in the hamster (Torkelson

and Rowe 1981). Carbon tetrachloride is a mild eye and weak skin irritant, and is

not a skin sensitizer.

There are many animal studies which have examined the effects of oral carbon

tetrachloride exposure on hepatic function, but only a few have examined its dose-

dependent effects. Single oral doses of 40 and 80 mg/kg produced changes in hepatic

histology and increased liver weight in rats (Eschenbrenner and Miller 1946;

Bruckner et al. 1986). Longer-term oral exposures of 20 mg/kg/day for 11 weeks

produced mild signs of liver injury while 80 mg/kg/day produced severe hepatic

injury (Bruckner et al. 1986). Doses lower than 20 mg/kg/day were also tested for

12 weeks and it was found that I mg/kg/day of carbon tetrachloride produced no

hepatic effects, 10 mg/kg/day resulted in mild centrilobular vacuolization, and 33

mg/kg/day produced extensive hepatic damage (Bruckner et al. 1986). There is only

one report of chronic exposure to carbon tetrachloride (oral) where no significant

effects were seen on serum liver enzymes or hepatic fat content in rats given 10 to 18

mg/kg/day for 2 years (Alumot et al. 1976).

As discussed previously, oral administration of carbon tetrachloride in animals

produces nephrotoxicity, although the kidney is less sensitive to the effects of this

agent than the liver (ATSDR 1988). A progressive increase in the size of the kidney

and changes in the histology of kidney tissue have been seen after acute exposure to

4000 mg/kg of carbon tetrachloride in rats (Striker et al. 1968). Marginal indications

of kidney injury were seen in mice exposed to 2500 mg/kg/day for 14 days or 1200

mg/kg/day for 90 days, doses which produce severe hepatic injury (Hayes et al.

1986).

ReoMductive Toxicity
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There is no information available on the reproductive effects of carbon

tetrachloride in humans; however, several studies have been performed in animals.

Decreases in fetal body weight and crown-rump length have been observed in

offspring of rats exposed 7 hrs/day to either 300 or 1000 ppm carbon tetrachloride on

days 6 through 15 of gestation (Schwetz et al. 1974 as cited in USEPA 1984). Upon

gross examination of the fetuses, subcutaneous edema was seen in animals exposed to

300 ppm, and an increased incidence of sternebral anomalies was seen in those

animals exposed to 1000 ppm carbon tetrachloride. While hepltotoxicity was evident

in the dams, as indicated by increased SGPT activity, there was no evidence of

hepatotoxicity in the pups. In another study, there was a slightly decreased viability

in rat pups following exposure of dams for 8 hrs/day on days 10-15 of gestation to

250 ppm carbon tetrachloride (Gilman 1971 as cited in USEPA 1984). Small areas of

focal hepatic damage have been reported among rat pups of dams injected with 1600

mg/kg of carbon tetrachloride subcutaneously on days 19 or 20 of gestation, and

among nursing neonates whose dams were injected once with 1600-3200 mg/kg of

this agent (Bhattacharyya 1965 as cited in USEPA 1984).

Degenerative changes in testicular histology which eventually resulted in

aspermatogenesis and functional infertility has been reported following intraperitoneal

injection of male rats with a relatively high dose of carbon tetrachloride, 4800 mg/kg

(Chatterjee 1966 as cited in USEPA 1984).

Mualagenicit

Carbon tetrachloride has been tested for mutagenic potential in bacterial, yeast,

and mammalian cell test assays and found to be negative in almost all cases (USEPA

1984). It has been noted, however, that none of the negative studies adequately

demonstrated that biotransformation of carbon tetrachloride to its reactive

intermediates had occurred in the systems studied (USEPA 1984). One in vivo study

attempted to address this problem by using Saccharomyces cerevisiae strain D7 which
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contains an endogenous cytochrome P450 monooxygenase system capable of

activating carbon tetrachloride (Callen et al. 1980). The results showed that exposure

to carbon ttrachloride increased gene conversion, mitotic crossing over, and gene

reversion. The combined mutagenicity data indicate that carbon tetrachloride is at

best a weak mutagen.

Carbon tetrachloride is an animal carcinogen. It produces hepatocellular

carcinomas in all animal species evaluated (rats, mice and hamsters) and is often used

as a positive control in the investigation of carcinogenic potential of other chemical

compounds. Increases in the incidence of hepatomas have been observed in mice

receiving 30 doses of 160 mg/kg over 90 days (Eschenbrenner and Miller 1946), and

in virtually all mice treated with 1250 and 2500 mg/kg carbon tetrachloride by gavage

5 times each week for 78 weeks (NCl 1976). All hamsters that received 30 weekly

doses of I0-20 mg carbon tetrachloride and survived for 10 or more weeks after

cessation of the treatment were found to have liver cell carcinomas (Della Porta et al.

1961). Hepatocarcinomas have also been reported in rats following 7 months of

chronic inhalation exposure (dose and schedule unspecified) (Costa et al. 1963 as cited

in IARC 1979), and following subcutaneous injections of 2000 mg/kg 2 times/week

for 68 weeks (Reuber and Glover 1970 as cited in IARC 1979). An increased

incidence of mammary adenocarcinomas was observed in female rats following

subcutaneous injections of 160 mg/kg of carbon tetrachloride 2 times/week for 2 years

(Alpert et al. 1972 as cited in IARC 1979).

Pharmacokinetics and Metabolism

Carbon tetrachloride is absorbed rapidly after ingestion or inhalation, but more

slowly through the skin. About 30% of an inhaled dose is absorbed (McCollister et

al. 1952) and between 60-80% of an oral dose is absorbed (Reddrop et al. 1981; Paul
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and Rubenstein 1963). In a radioactive tracer study in monkeys, carbon tetrachloride

was shown to be readily distributed to all major organs, with highest concentrations

found in adipose tissue, liver, bone marrow, blood, brain, and kidneys (McCollister

et &1. 1952). Approximately 50% of an inhaled dose of carbon tetrachioride is

exhaled unchanged. Elimination of an oral dose has an estimated half-life of 4-6

hours, with most of the dose eliminated within 2 days (USEPA 1985).

The metabolism of carbon tetrachloride in humans has not been investigated;

however, there is a large amount of data in laboratory animals. Metabolism in

animals occurs mainly in the liver, and the severe hepatotoxicity and other toxic

effects seen with this compound are dependent upon its biotransformation and

activation by the liver mixed function oxidase system (USEPA 1984). The first step

is thought to be formation of a trichloromethyl radical which can then undergo several

anaerobic reactions to form either chloroform, hexachloroethane, or carbon

monoxide. Aerobic metabolism of the trichloromethyl radical results in formation of

the highly reactive carbonyl chloride (phosgene) and carbon dioxide (ATSDR 1988).

The carbon dioxide and chloroform which are formed during carbon tetrachloride

metabolism are excreted in the expired air of experimental animals (USEPA 1985).

The highly reactive phosgene and other free radicals (i.e. trichloromethane) which are

formed during metabolism are thought to initiate the lipid peroxidation process which

is the most important factor in carbon tetrachloride-induced liver damage. Lipid

peroxidation in rats has been shown to be preferentially induced at low oxygen partial

pressures (DeGroot et al. 1988) and can be prevented or reduced by pretreatment of

rats with Vitamin E, which raises the liver antioxidant level and prevents the liver

necrosis caused by carbon tetrachloride exposure (Danni et al. 1988). Carbon

tetrachloride-induced lipid peroxidation may also be inhibited by trapping or

scavenging the metabolite lipid radicals by such compounds as 5,10-

dihydroindeno[l,2-b]indole (Shertzer 1988). Free radicals may also be responsible

for damage in the lung, kidneys, testes, adrenals, and placenta which is observed

following carbon tetrachloride exposure (USEPA 1984).
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Immune D y=

Two recent unconfirmed reports in the Russian literature suggest carbon

tetrachloride may affect organs of the immune system in rats in a direct and indirect

manner (Kolpashcikova 1988a and 1988b). Another report (Kaminski et al. 1989)

showed that repeated i.p. injection of carbon tetrachloride to B6C3FI mice resulted in

marked depression of both humoral and cell-mediated immune response at

concentrations that also affected the liver.

Toxicity to Wildlife and Domestic Animals

Carbon tetrachloride has been shown to be acutely toxic, to a number of

aquatic species at concentrations as low as 35 mg/liter. However, the majority of

these studies were performed under static conditions and due to its volatility may have

underestimated the acute toxicity of carbon tetrachloride (USEPA 1980). In a static

chamber study with bluegill sunfish (Lepomis macrochirus) a 96-hour LC50 value of

125 ppm (125 mg/liter) was reported (Dawson et al. 1977). A 48-hour EC50 of 35.2

mg/liter was reported for cladoceran (Daphia magna) (USEPA 1978). Another

freshwater study in two species of carp (Cyprinus carpio and Carassius auratus)

examined the toxic effects of carbon tetrachloride on liver and kidney tissue.

Histological changes were observed in liver tissue of both species at doses of 0.3-5.0

ml/kg for 8 days (Jiang and Zhang 1979).

A number of marine species have also been tested for sensitivity to carbon

tetrachloride toxicity. A 24-hour median tolerance limit of 320 mg/liter was reported

in brine shrimp (Price and Conway 1974). Acute LD50 values were also reported for
marine pinperch (Lagodon rhomeboides) and marine flatfish (Limanda limanda) at 175

mg/liter and 115 mg/liter respectively (Garrett 1957; Pearson and McConnell 1975).

In an acute study with the sheepshead minnow (Cyprinodon variegatus) the observed-

no-effect concentration was reported to be 130 mg/liter (Heitmuller et al. 1981).

101

Prepared by Shell Oil Company



The reproductive toxicity of carbon tetrachloride was examined in a number of

freshwater fish and amphibian species following exposure to the compound at

fertilization through development up to 4 days post-hatching. LCSO values ranged

from 1.16 to 22.42 mg/liter of carbon tetrachloride, with the greatest susceptibility

shown in rainbow trout, the Leopard frog (Rana pipiens), and the European Common

frog (Rana temporaria)(Black et al. 1982). The median lethal concentration of carbon

tetrachloride at 4 days posthatching was 1.97 mg/liter in rainbow trout and 1.64

mg/liter in the Leopard frog. It was estimated that coacentrations of 30 ug of carbon

tetrachloride/liter of water would adversely affect sensitive aquatic species (Black et

al. 1982).

There are a few reports of low lethal dose (LDxo) values for carbon

tetrachloride in domestic animals. The values reported were for dogs, 1000 mg/kg

(NIOSH 1982) and for cats, 38110 ppm/2 hrs (NIOSH 1982). An intravenous LD50

value has also been reported for rabbits at 5840 mg/kg (NIOSH 1982).

Regulations and Standards

The USEPA (1988) report an oral Reference Dose (RfD) for noncarcinogenic

effects of carbon tetrac" 'ride as well as a carcinogenic assessment and drinking

water health advisories. The RID was derived based on a subchronic rat gavage study

which identified dose-response effects of carbon tetrachloride on liver lesions

(Bruckner et al. 1986). A NOAEL of I mg/kg/day and a LOAEL of 10 mg/kg/day

were reported, and from these values an RfD was estimated to be 7 x 10' mg/kg/day.

1 mg/kg/day (NOAEL) x 5/7 = 0.71 mg/kg/day (5 day/week dosing regimen)

Q.71 mg/kgLday = 7 x 104 mg/kg/day - RiD (UF= 1000)

1000
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An uncertainty factor (UF) of 1000 is applied to the NOAEL to account for

interspecies and intraspecies variability, as well as extrapolation from subchronic to

chronic exposure. The USEPA (1989) expresses 'medium* confidence in this RfD

and they state that, 'The principal study was well-conducted and good dose-response

was observed in the liver, which is the target organ for (carbon tetrachloride)

toxicity; thus, high confidence was assigned. Four additional subchronic studies

support the RfD, but reproductive and teratology endpoints are not well investigated;

thus, the data base rates a medium confidence."

Carbon tetrachloride has a classification of B2 (probable human carcinogen)

based on sufficient carcinogenicity data in rats, mice and hamsters. In all three

species, oral administration of carbon tetrachloride produced hepatocellular

carcinomas (USEPA 1988). With the supporting data, an oral slope factor of 1.3 x

10. and an oral unit risk of 3.7 x 10"' pg/liter in drinking water was estimated.

Drinking water levels at specified risk levels were identified to be 30 ug/liter (I in

10,000), 3 jg/liter (I in 100,000), and 0.3 jg/liter (I in 1,000,000). From the same

oral exposure data in animals, inhalation risk estimates were also calculated. The

inhalation slope factor is reported to be 1.3 x 10.1 and the unit cancer risk is reported

to be 1.5 x 10-' pg/M3. Air concentrations at specific risk levels are 7 pg/Mr (I in

10,000), 0.7 pg/rn3 (1 in 100,000), and 0.07 pg/rn' (I in 1,000,000) (USEPA 1988).

The inhalation unit risk was calculated assuming 20 m'/day of air intake and 40% of

the carbon tetrachloride dose absorbed in humans.

Because of the carcinogenic potential and well-characterized adverse health

effects of carbon tetrachloride, there are a number of regulations and guidelines which

are listed in Table I.
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TABLE I

Agency Description Value

WHO Guidance for Drinking 0.003 mgrl
Water, Tentative

OSHA Permissible Exposure Limit
Time-Weighted Average 10 ppm
Ceiling 10 ppm
Maximum Peak 200 ppm

USEPA Maximum Contaminant Level 0.005 mg/l

Office of Drinking Water

ACGIH Threshold Limit Value 5 ppm

NIOSH Recommended Exposure Limit 2 ppm
for Occupational Exposure Ceiling

Immediately Dangerous to Life 300 ppm
or Health Level

USEPA Health Advisories
Office of Drinking Water I day4 mg/i

10 day 1.6 x 10W1 mg/l
longer term

adult 2.5 x 101' mg/l
child 7.1 x 102 mg/l

USEPA Ambient Water Quality Criteria
water and organisms

10W' 40 jtg/l
101, 4.0/•g/l

10' 0.4 gg/l
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The DT value is defined as that contaminant intake rate (mg/kg/day) that should not

induce an adverse effect to human health or should not pose a risk of cancer

occurrence greater than a pir termined risk level.

For carcinogens such as carbon tetrachloride, the Dr value is based on the USEPA

Cancer Assessment Group's cancer potency slopes. The cancer potency slopes for

oral exposure and for inhalation exposure are based on oral dosing studies in rats,

mice, and hamsters where carbon tetrachloride produced hepatocellular carcinomas.

The slopes are intended to be a plausible upper bound of the potency of a carcinogen

in inducing cancer at low doses. Calculation of a DT using a cancer potency slope

requires selection of an acceptable cancer risk level. A range of risk levels from I0'

to 10' is considered for all carcinogens, therefore a range of Dy values is presented.

Derivation of the Dy values for carbon tetrachloride is as follows:

DT= Risk Level
Potency Slope (mg/kg/day)'

I x 1W0
1.3 x 10W (mg/kg/day)'

= 7.7 x 10" (mg/kg/day)

The range of Dr values for carbon tetrachloride is presented below:

DT Oral Exposure Dr Inhalation Exposure
Risk Level (mg/kg/day) (mg/kg/day)

10' 7.7 x 10'7.7 x 10"
I00 7.7 x 10,7.7 x 10"
10W 7.7 x 10"7.7 x 10'
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A corresponding second set of potency factor values (presented below, as taken from

USEPA 1984) were derived from the MLE estimate from the multistage model, and

the geometric mean of the 4 data sets was also derived. Also presented is the time-to-

tumor data which was available (only 2 data sets) and the estimates based on the use

of the time-to-tumor model.

Multistage* Time-to-Tumor*
Data Set MLE UL MLE UL

Della Porta et al. (1961) 7.4E-1 1.2
Edwards et a1. (1942) 2.5E-1 3.3E-1
NCO (1976) mouse 4.9E-2 6.3E-2 6.3E-2 7.7E-2
NCO (1976) rat 6.7E-3 1.1E-2 1. 1E-2 1.9E-2
All (geometric mean) 8.8E-2 1.3E-I** 2.6E-2 3.9E-2

" All values are expressed as (mg/kg/day)-l; MLE = Maximum Likelihood Estimate;

UL = upper 95% confidence limit

** This value is the CAG potency slope value.

The multistage model based DT values would be:

Geometric Mean Geometric Mean
Risk Level of MLE based of UL based (CAG values)

10-4 1.1 x 10-3 7.7 x 10-4
10-5 1.1 x 10-4 7.7 x 10-5
10-6 1.1 x 10-5 7.7 x 10-6
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The time-to-tumor model based DT values would be:

Geometric Mean Geometric Mean
Risk Level of MLE based of UL based

10-4 3.8 x 10-3 2.6 x 10-3
10-5 3.8 x 10-4 2.6 x 10-4
10-6 3.8 x 10-5 2.6 x 10-5

The DT values calculated from the geometric mean of the MLE (multistage model)

differ from the CAG potency based Dr's by a factor of 1.4, with the CAG based

values being more conservative. The difference in these two data sets is only that the

CAG data uses the geometric mean UL value from the multistage model (data shown

in table 2 above) which accounts for estimation errors due to small sample size

(USEPA 1984). The DT values calculated from the geometric mean of the MLE

(time-to-tumor model) differ from the CAG DT's by a factor of 4.9, with the time-to-

tumor data being less conservative. The UL based DT values of the time-to-tumor

model are also less conservative than the CAG DT's by a factor of 3.4.
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CHLORDANE

£umm~ax
Chlerdane is an organochlorine pesticide that was registered for use in the United

States from 1948 to 1988. It was used on field crops until 1978 and until 1988 could

be applied to soil for control of structural pests (termites) in homes. Technical

chlordane is a complex mixture that includes two isomers of chlordane, heptachlor,

and two isomers of nonachlor. It is very persistent in the environment and is readily

bioaccumulated in fish and other aquatic organisms. Chlordane causes liver tumors in

mice, however, generally mutagenicity assays were negative which is consistent with

an epigenetic mechanism of carcinogenicity (ATSDR, 1988). Chlordane has produced

some positive results in a few assays including sister chromatid exchange in human

lymphoid cells. It causes adverse reproductive effe'ts in mice, and chronic exposure

causes liver changes and adversely affects the central nervous system. ChIordane is

very toxic to aquatic organisms.

Chlordane has' been detected in rural and urban air in average concentrations ranging

from not detected to 58 ng/n' with most values less than 1 ng/m'. Levels in indoor

air were higher with average values up to 1900 ng/m3 with most average values in the

I to 500 ng/m 3 range. (Table 5-1, ATSDR, 1988).

Chlordane has been detected in surface waters at levels in the range of 0. 1 ppb with

higher levels (I to 100 ppb) in sediments. Soil levels reported for urban and rural

soils are in the range of 0.002 ppm (Everglades National Park) to 4 ppm (Hartford,

CT.) Rural soil levels are on the order of 0.02 to 0.2 ppm. (Table 5-3, ATSDR,

1988). Generally less than 1 % of composited food samples had detectable levels of

chlordan with the few positives reported in the I to 30 ppb range. (Table 5-4,

ATSDR, 1988)

Chlordane residues have also been reported in a variety of fish samples (levels
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generally in the 20 to 100 ppb range) (Table 5-5, ATSDR 1988) and in a variety of

terrestrial organisms including birds and mammals. (Table 5-6, ATSDR, 1988).

Chlordane has also been detected in human blood samples at levels from not detected

to 550 ppb. For example, human daily intake in 1981 was estimated to be 2 to 4

ng/kg per day from food for a 16 to 19-year-old male. (Table 5-8, ATSDR, 1988)

Technical chlordane is a complex mixture; however, the major components are

cis-chlordane and trans-chlordane. The technical product also contains a variety of

other chlorinated hydrocarbons, including heptachlor. It is a viscous amber-colored

liquid. Much of the available literature does not distinguish between the chlordane

isomers and appears to discuss mixtures of these compounds.

CAS Number: Chlordane (mixture): 57-74-9

cis-Chlordane: 5103-74-2

trans-Chlordane: 5103-71-9

Chemical Formula: C10l 4C1,

IUPAC Name: 1,2,4,5,6,7,8,8-Octachloro-2,3,3a,4,7,7a-

hexahydro-4, 7-methanoindene

Important Synonyms and Trade Names: cis-chlordane: alpha-chlordane

trans-chlordane: gamma-chlordane

Chemical and Physical Properties

Molecular Weight: 409.3

Boiling Point: 175C at 2 mm Hg

Melting Point: cis-chlordane: 107-409C, trans-chlordane: 103-105C

Specific Gravity: 1.59-1.635 at 16C (technical chlordane)

Solubility in Water: From 0.056 to 1.85 mg/liter at 25C

Solubility in Organics: Miscible in aliphatic and aromatic solvents

(technical chlordane)
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Log Octanol/Water Partition Coefficient (KY.):

2.78; 3.32; 5.48 Kadeg, et al (1986) literature values

Soil-Water Partition Coefficient (K.):

422; 53,570 Lyman and Loreti (1987) (log K,. - 2.78; 5.48;

21,300 Kenaga (1980)

624; 53,850 Kadeg, et al (1986) (log KC., - 2.78; 5.48)

141,200 Kadeg, et a& (1986) (literatre value)

140,000 USEPA (1986)

775; 22,810 Lyman, et al (1982) Eqn 4-8 (log K. - 2.78;

5.48)

Bioconcentration Factor: DATA MISSING

Vapor Pressure: 1 x 10W mm Hg at 200C (USEPA 1986)

Flash Point: Minimum 8l1C (technical chlordane)

Henry's Law Constant: 9.6 x 10W atm-m3/mole (calculated)

9.63 x 10' atm-m3/mole (USEPA 1986)

4.05 x 10' Dimensionless

Transaor and Fate

Chlordane is very persistent in the environment, resisting chemical and biological

degradation into less harmful substances. Chlordane is virtually insoluble in water.

Chlordane present in clear water may be somewhat volatile, and this may be an

important loss process. Less loss of chlordane from aquatic systems will occur when

organics are present due to adsorption processes. Therefore, residue concentrations in

sediment are often much higher than in water.

Chlordane binds tightly to soil particles and persists for years in soils after surface
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application. A range of experimental and estimated soil-water partition coefficients

(Kw) is reported above and indicates that sorption of chiordane to soils/sediments and

dissolved organic material will occur. Pavlou (1980) estimates that sorption of

organochlorine pesticides is very high; therefore, little environmental mobility would

be expected for this compound.

Chlordane applied as an emulsifiable concentrate is more readily volatilized than when

applied as a granular formulation. Certain food and feed crops can accumulate

residues by absorption from the soil. Chlordane has been found to accumulate in the

peels of root vegetables studied (Rosenblatt, et al 1975). The persistence (half-life) of

Chlordane in soil ranges from 2 to greater than 13 years (Rosenblatt, et al 1975).

Atmospheric transport of vapors and contaminated dust particles from soil application

sites can occur. Chlordane exhibits strong tendencies for bioaccumulation in some

aquatic and terrestrial organisms. It can concentrate at levels thousands of times

greater than the surrounding water medium in a variety of aquatic organisms,

including bacteria, algae, daphnids, and fish (USEPA 1980). ASTM (1985) indicates

that chemicals with bioconcentration factors less than approximately 100 have low

potential for causing harm to wildlife and human health via biomagnification of

residues up food chains. The magnitude of the concentration factors suggests that

bioconcentration or biomagnification of chlordane residues will occur.

Helth Effec

Several strains of mice fed diets containing analytical-grade chlordane for 80 weeks

exhibited a highly significant dose-dependant incidence of liver tumors (males and

females). For rats NCI reported neoplastic nodules but not carcinomas and the

response was in the low but not the high dose group. In the NCI study the response

was in female rats but not in male rats. Some older rat studies also reported liver

enlargement and lesions but not tumors. In a more recent study a non-statistically

significant (ATSDR, 1988; reported as a significant increase in USEPA, 1989)
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increase in liver adenomas occurred in male, but not female, F344 rats in the high

dose group. At the time this was prepared there appears to be some debate about the

presence and nature of the liver lesions in the male rats. The July 1989 RIS

chlordane file reports that after a review of the pathology it was concluded that liver

lesions (tumors?, other?) had not occurred in male rats but that hypertrophy (not

tumors) had occurred in the female rats. LAter in the same MIS file it is reported in

the carcinogenicity section that malignant liver tumors were induced in 1344 male

rats, but later the narrative only discusses adenomas (non-malignant tumors) in the

liver. ATSDR, 1988 reports that there was no statistically significant increase in

tumor incidence in the Velsicol F344 rats study. (EPA has been contacted but the

issue has not been resolved at the time this document was prepared)

Chlordane has been classified in EPA's Group B2, according to EPA's Proposed

Guidelines for Carcinogen Risk Assessment, based upon the positive results of these

studies (50 Federal Register 46988, Wed. Nov. 13, 1985). Chlordane has induced

mutagenic effects in at least one test system. Negative results were obtained in

chromosome aberration tests utilizing Chinese hamster ovary cells (NTP 1985);

however, positive evidence of sister chromatid exchange was obtained in the same test

medium.

Reproductive effects, including developmental defects and neonatal metabolic and

biochemical disorders, are observed in the offspring of mice exposed to chlordane.

Tests with laboratory animals, primarily rodents, have demonstrated acute and chronic

toxic effects. Mixtures of the two isomers appear to exhibit similar toxicities to that

of single isomers. Chronic exposure to chlordane causes liver changes and induces or

suppresses a variety of enzyme systems. In addition, chlordane may act as a

cumulative neurotoxin. Acute effects include anorexia, weight loss, tremors,

convulsions, and death. The oral LDSO in the rat is 283 mg/kg. Oxychlordane, an

epoxide metabolite formed from either chlordane isomer, is more acutely toxic than

chlordane. The oral LD5O of oxychlordane administered to rats in corn oil is 19
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mg/kg, and 43 mg/kg when administered in an aqueous suspension.

Clinical symptoms of acute oral or dermal exposure to chlordane in humans include

vomiting, seizures, eiectroencephalographic dysrhythmia, convulsions, and possible

death. Oxychlordane has been found in a high percentage of sampled human adipose

tissues and also in milk samples.

Toxicity to Wfldlife and Domestic Animals

Chlordane or oxychlordane residues have been found in a wide variety of wildlife and

domestic animal species, but usually at relatively low levels. Studies indicate that

chlordane may produce toxic effects in certain soil invertebrates after surface

application. Although little information concerning bioaccumulation in these

organisms is available, the potential bioaccumulation of chlordane or oxychlordane by

terrestrial insectivores is of concern. Little information on the toxic effects of

chlordane to mammalian wildlife and domestic animal species is available. Chlordane

or oxychlordane residues have been found in crops, meat, fish and poultry, dairy

products, and eggs. Generally less than 1% of composited food samples had

detectable levels of chlordane with the few positives reported in the 1 to 30 ppb

range. (Table 5-4, ATSDR, 1988)

Oral LD50 values for chlordane ranging from 331 to 858 ppm in the diet

(approximately 25-50 mg/kg) are reported for a variety of wild bird species. Oral

LD5O values ranging from 100 to 1,000 mg/kg are reported for a variety of animals,

including rodents, goats, sheep, and chickens.
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Regulations and Standards

WHO Guidelines for drinking water 0.3 ug/l ATSDR, 1988

FA/WHO Acceptable Daily Intake 0-0.001 mg/kg ATSDR, 1988

OSHA PEL-8 hour 0.5 mg/m3 ATSDR, 1988

NRC Interim Guideline for Military

Housing 5 ug/M3 ATSDR, 1988

RfD EPA 5 X 10-5 mg/kg ATSDR, 1988

State Drinking Water Concentrations

range from several states 0.22-3 ug/l ATSDR, 1988

Ambient Water Quality Criteria (USEPA 1986):

Aquatic Life (Freshwater)

Acute toxicity: 2.4 ug/liter

Chronic toxicity: 0.0043 ug/liter

Aquatic Life (Saltwater)

Acute toxicity: 0.09 ug/liter

Chronic toxicity: 0.0040 ug/liter

Human Health

Due to the carcinogenicity of chlordane, the ambient water criterion is set at zero.

However, estimates of the carcinogenic risks due to ingestion of contaminated water

and contaminated aquatic organisms are:
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Risk Concentration

10o 46 ng/liter

104 4,6 ng/liter

10w 0.46 nglliter

National Primary Drinking Hater Standard: 0.005 mg/liter (Proposed

MCL; 50 Federal Register 46904, Wednesday November 13, 1985)

CAG Potency Slope for Oral Exposure (USEPA 1989): 1.3 (mg/kg/day)-l

CAG Potency Slope for Inhalation (USEPA 1989): 1.3 (mg/kg/day)-l

OSHA Standard (skin): TWA' - 0.5 Mg/M 3

ACGIH Threshold Limit Values (skin): TWA = 0.5 mg/im3

STEL-- 2 mg/mr

Department of Transportation: Combustible liquid

RAG OFDVALUES

The D, value is defined as that contaminant intake rate (mg/kg/day) that should not

induce an adverse effect to human health or should not pose a risk of cancer

occurrence greater than a predetermined risk level.

There are a number of plausible D, values that might be protective of human health.

The first D, value is based on the USEPA Carcinogen Assessment Group's cancer

potency slopes using the mouse liver tumor data. The slopes are intended to be a

Time Weighted Average

2 Short Term Effect Level
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plausible upper bound of the potency of a carcinogen in inducing cancer at low doses.

Calculation of a D, using a cancer potency slope requires selection of an acceptable

cancer risk level. A range 10-4 to 10-7 is considered for all carcinogens, therefore a

range of D, values is presented. Derivation of the D, values for chlordane is as

follows:

D, - sk Level

Potency Slope (mg/kg/day)-l

1 .3 (mg/kg/day)-I

= 7.7 x l0' mg/kg/day

The range of D, values based on carcinogenic potency for chlordane (oral and

inhalation) is presented below:

Risk Level DT (mg/kg/day)

10W 7.7 x 10-1

IWs 7.7 x 10'
10' 7.7 x 10"7

The second 1, is based on the EPA RfD which is 6 x l04 mg/kg or about 25 % less

than the cancer based D, at the 10-4 risk level. Since chlordane may be acting through

some non-genotoxic mechanism (ATSDR, 1988) the second D, is based on non-

cancer end points. The RID is based on 1/1000 th of the no effect level for liver

lesions in a 30 month (lifetime) feeding study in rats. Note that the RfD is based on

effects in the same target organ as the cancer based D,. The 1000 fold safety factor,

rather than the more typical 100 fold, was used since there are not fully adequate
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reproduction studies. From a toxicology standpoint, it is unlikely that reproductive

effects would occur at a dose below that causing minor liver lesions in a Lifetime

study that would not in turn be protected against by a 100 fold safety factor off of a

no-effect level in a 30 month study.

The second D = 6 x 10"'m gkg.

The third D, is based on the conventionl EPA approach for deriving an RfD for pro-

tection against threshold effects recognizing the probable non-genotoxic action of

chlordane. It is derived from the nodefect level for liver lesions in a 30 month rat

feeding study, and incorporates an uncertainty factor of 100.

The third D, is = 6x 10' mg/kg, which is 6 times great• r than the 10 cancer risk

based dose.

The fourth D, is based on the upper value for the WHO ADI which is 1 x 10!) mg/kg.

The fourth D, is - I x 100 mgf/, 13 times the 104 cancer risk based dose.

CERTAINTIES AND UNCERTAINTlIES OF DUTER.IT DT VALUES AND

UNDERLYING TOXICOLOGY

At the 104 risk level the 4 Ds developed above differ by only 1 order of magnitude.

However, as the risk level decamses (104, 1"•) the differences become larger, 2 or 3

orders of Magnitude

The by uncerinty with the chlorinated hydrcbo that readily produce liver

tumors in mice is the relevance of the mouse liver to humans.- This is presently an

anm of controvers and the available science does na provide an absolute answer.

The does not appear to be readily available epidem da to assist in resolving

the issue. The NRC in 192 set an air standard for military housing of 5 ug/Ml
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which in the adult would deliver a 1.5 x 10. mgkg dose-rate based on 24 hours of

exposure. This is close to the WHO ADI value. At least the first 3 DA values (7.7 x

104 at 104 risk level, 5 x 10. and 5 x 104 ) are all based on liver effects. It is

plausible that if chlordane is acting through some non-genotoxic mechanism then

acceptable dose levels based on no-effect levels in the liver (target organ) could be

protective even if chlordane is a human carcinogen.
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CHLOROFORM

Chloroform (trichloromethane) is often produced during the chlorination of drinking

water and thus is a common drinking water contaminant. Chloroform has been

detected in 99.5% of U.S. finished drinking water samples. (ATSDR, 1989) Typical

concentrations are in the range of 32-68 ug/L and typical water intakes are calculated

to be 64 to 132 ug/person/day. (ATSDR, 1989)

Typical U.S. air levels are in the range of 0.02 to 13 ug/M3 . Indoor air samples are

in the range of 0.07 to 3.6 ug/M3. (ATSDR, 1989) Daily exposure due to inhalation

is calculated to be 4 to 260 ug/person/day. Chloroform levels in food are in the

range of I to 180 ppb but the data are not sufficient to estimate a daily average

intake.

Chloroform at one time was used as an inhalation anesthetic humans at air

concentrations of 8000-10000 ppm with blood concentrations of 80 to 165 mg/l.

(ATSDR, 1989) Occupational exposures to levels of 22 to 71 ppm were not

associated with liver damage.

It is volatile in surface waters and is not likely to be persistent in the environment.

Chloroform causes an increase in kidney epithelial tumors in rats and in hepatocellular

carcinomas in mice. * The overwhelmingly negative nature of the results from

multiple laboratories in a spectrum of in-vitro, in vivo, prokaiyotic and eukaryotic

test systems strongly suggests that chloroform is either not genotoxic or very weakly

positive (Shell, 1988) or .. " may be mutagenic, but no definitive conclusion can be

reached concerning mutagenicity of chloroform" ATSDR, 1989. "There are no

epidemiologic studies on chloroform itself. ... Several ecological and case-control

studies of populations consuming chlorinated drinking water in which chloroform was
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the major chlorinated organic show small significant increases in the risk of rectal,

bladder or colon cancer on an intermittent basis. Many other suspected carcinogens

were also present in these water supplies." (USEPA, 1989). "Although it can be

concluded that the human data suggest a possible increased risk of cancer at these

three sites because chloroform is the predominant trihalomethane in drinking water,

the data are too weak to draw a conclusion about the carcinogenic potential of

chloroform." (ATSDR, 1989 citing EPA 1985)_ Other toxic effects of chloroform

include central nervous system depression; eye, skin, and gastrointestinal irritation;

and damage to the liver, heart, and kidney.

CAS Number: 67-66-3

Chemical Formula: CHC13

IUPAC Name: Trichloromethane

Chemical and Physical Properties

Molecular Weight: 119.38

Boiling Point: 61.7 C

Melting Point: -63.5 C

Specific Gravity: 1.4832 at 20 C

Solubility in Water: 8,200 mg/liter at 20 C

7,500 mg/liter at 20 C (Valvani, 1980)

9,200 mg/liter at 25 C (Davies and Dobbs 1984)

Solubility in Organics: Soluble in acetone, miscible with alcohol, ether, and benzene

Log Octanol/Water Partition Coefficient (K.): 1.97 Moriguchi (1975)

1.90 (Davies and-Dobbs 1984)

1.96 (Valvani et al. 1980)
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Soil-Water Partition Coefficient (K.):

45 Sabljic (1984)

257;281 Lyman et al., (1982) Eqn 4-8 (log K.. -1.9; 1.97)

87; 99 Lyman and Loreti (1987) (log K... 1.90; 1.97)

Bioconcentration Factor (BCF):

16 Lyman et al., (1982) Eqn 5-2 (log K.. - 1.9)

18.18 Lyman et al., (1982) Eqn 5-2 (log K. - 1.96)

3.59; 4.03 Davies and Dobbs (1984) Eqn A (S. 7,500, 9,200)

21 Davies and Dobbs (1984) Eqn B (log K,. - 1.9)

12 Davies and Dobbs (1984) Eqn C (log K. = 1.9)

Vapor Pressure: 150.5 mm Hg at 20 C

200 mm Hg at 25.9 C (Perry and Chilton, 1973)

Vapor Density: 4.12

Henry's Law Constant: 3.9 x l0.Y atm-m3/mole (calculated)

2.87 x 103 atm-m3/mole (USEPA 1985a)

1.21 x 10.' Dimensionless

Tranort and F

Due to its high vapor pressure, volatilization is the major transport process for

removal of chloroform from aquatic systems (USEPA 1979). Once in the

troposphere, chloroform is attacked by hydroxyl radicals with the subsequent

formation of phosgene (COC12) and possibly chlorine oxide (CIO) radicals. Neither

of these reaction products is likely to persist; phosgene is readily hydrolyzed to

hydrochloric acid and carbon dioxide. Reaction with hydroxy radicals is thought to

be the primary environmental fate of chloroform. However, chloroform that remains

in the troposphere may return to Earth in precipitation or adsorbed on particulates,
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and a small amount may diffuse upward to the stratosphere where it photodissociates

via interaction with light (USEPA 1985b). Neither photolysis or hydrolysis, appear to

be significant environmental fate processes for chloroform (USEPA 1985b).

A range of estimated soil-water partition coefficients (K,) is reported above and

indicates that sorption of chloroform to soil/sediments and dissolved organic material

will occur. Pavlou (1980) estimates that sorption of volatile organic compounds will

range from low to moderate. The combined high water solubility and low organic

partitioning of chloroform suggest that this compound will exhibit a high degree of

environmental mobility.

Studies with marine organisms provide evidence for only weak to moderate

bioaccumulation of chloroform. A range of estimated bioconcentration factors (BCFs)

for chloroform is also presented above. ASTM (1985) indicates that chemicals with

bioconcentration factors less than approximately 100 have low potential for causing

harm to wildlife and human health via biomagnification of residues up food chains.

The magnitude of the concentration factors suggest that appreciable bioconcentration

or biomagnification of chloroform residues is not likely to occur.

Humans may be exposed to chloroform by inhalation, ingestion, or skin contact.

Chloroform has been detected in 99.5% of U.S. finished drinking water samples.

(ATSDR, 1989) Typical concentrations are in the range of 32-68 ug/L and typical

water intakes are calculated to be 64 to 132 ug/person/day. (ATSDR, 1989) "There

are no epidemiologic studies on chloroform itsel. ... Several ecological and case-

control studies of populations consuming chlorinated drinking water in which

chloroform was the major chlorinated organic show small significant increases in the

risk of rectal, bladder or colon cancer on an intermittent basis. Many other suspected

carcinogens were also present in these water supplies." (USEPA, 1989). *Although it

135

Prepared by Shell Oil Company



can be concluded that the human data suggest a possible increased risk of cancer at

these three sites because chloroform is the predominant trihalomethane in drinking

water, the data are too weak to draw a conclusion about the carcinogenic potential of

chloroform." (ATSDR, 1989 citing EPA 1985)

Other toxic effects include local irritation of the eyes, central nervous system

depression, gastrointestinal irritation, liver and kidney damage, cardiac arrythmia,

ventricular tachycardia and bradycardia. Death from chloroform overdosing can

occur and is attributed to ventricular fibrillation. Chloroform anesthesia can produce

delayed death as a result of liver necrosis.

In laboratory animals, exposure to chloroform by inhalation,intragastric

administration, or intraperitoneal injections produces liver and kidney damage.

Chronic administration of chloroform by gavage is reported to produce a dose-related

increase in the incidence of kidney epithelial tumors in rats and a dose-related

increase in the incidence of hepatocellular carcinomas in mice (IARC 1979, USEPA

1980). Based on EPA's Proposed Carcinogen Risk Assessment Guidelines,

chloroform is classified in EPA's Group B2 (probable human carcinogen) based upon

sufficient evidence of carcinogenicity in animals and inadequate epidemiological

evidence (USEPA 1985b).

An increased incidence of fetal abnormalities was reported in offspring of pregnant

rats exposed to chloroform by inhalation at levels of 100 and 300 ppm, with 30 ppm

being a no effect level. Oral doses of chloroform that caused maternal toxicity

produced relatively mild fetal toxicity in the form of reduced birth weights. There

are limited data suggesting that chloroform has mutagenic activity in some test

systems. However, negative results have been reported for bacterial mutagenesis

assays.
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The oral LDjo and inhalation LCL. values for chloroform in the rat are 908 mg/kg and

39,000 mg/mr per 4 hours, respectively (ACGIH 1980).

Toxicity to Wildlife and Domestic Animals

Linited information is available concerning the toxicity of

chloroform to organisms exposed at known concentrations (USEPA 1980). Median

effect concentrations for two freshwater and one invertebrate species range from

28,900 to 115,000 ug/liter. Twenty-seven day LCSO values of 2,030 and 1,240

ug/liter were reported for embryo-larval tests with rainbow trouts in water at two

levels of hardness. The only reliable result concerning the toxicity of chloroform to

saltwater aquatic life is a 96-hour LC5o value of 81,5000 ug/liter for pink shrimp.

No data were collected on the toxicity of chloroform to wild domestic animals in the

literature reviewed. Conceivably, acute effects on wildlife can occur in the vicinity of

a major chloroform spill, however, chronic effects from long term exposure to low

ambient levels is unlikely (USEPA 1985b).

Regulations and Standards

Ambient Water Quality Criteria (USEPA 1986):

The available data are not adequate for establishing criteria. However, EPA

does report the lowest values known to be toxic in freshwater aquatic organisms.
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Aquatic Life (FWreshwater)

Acute Toxicity: 28,900 ug/liter

Chronic Toxicity: 1,240 ug/liter

Human Health

Due to the carcinogenicity of chloroform the ambient

water criterion is set at zero. However, estimates of the carcinogenic risks associated

with lifetime exposure from the ingestion of contaminated water and contaminated

aquatic organisms are:

Risk Concentration

10'5 1.90 uglliter

10 0. 19 ug/liter

10. 0.019 ug/liter

CAG Potency Slope for oral exposure (USEPA 1989):

6.1 x 10.1 mg/kg/day-I

The CAG oral potency slope is derived from the rat drinking water study in which the

2 high doses but not the 2 low doses caused an increase in kidney epithelial tumors.

Shell risk assessment: MLE potency from multistage model using the drinking

water study and adjusting for differences in percent of dose metabolized yields a

potency of 1.2 x 101 mg/kg/day-i. The geometric mean of 5 low-dose extrapolation

models estimates a potency of 1.4 x 10.2 (mg/kg/day)"'. The Shell estimated potency

is applicable to both oral and inhalation routes of exposure.
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In the case of chloroform it is plausible to consider the MLE estimate and the

geometric mean of all models since the experiment: 1. was designed to detect low

dose tumorgenic response and 2. the route and rate of chemical administration

(drinking water) more closely mimics human exposure as compared to pulse gavage

dosing used in the other studies. Even though the 2 low dose groups (400 ppm and

200 ppm) contained 148 and 313 animals respectively, there was no increase in

kidney tumors. Thus a higher level of confidence, less uncertainty, can be attached to

these estirr (Shell, 1988) The third reason for considering the alternative dose-

response mn -.s is the lack of genotoxicity and distinct possibility of phosgene

induced cytotoxicity. The overwhelmingly negative nature of the results from

multiple laboratories in a spectrum of in-vitro, in vivo, prokaryotic and eukaryotic

test systems strongly suggests that chloroform is either not genotoxic or very weakly

positive (Shell, 1988) or .. " may be mutagenic, but no definitive conclusion can be

reached concerning mutagenicity of chloroform* ATSDR, 1989. Chloroform may be

acting through a threshold like mechanism involving cytotoxicity due to the phosgene

metabolite.

The inhalation potency value is based on the geometric mean of the linearized

multistage risk estimates derived from male and female mouse studies in which

chloroform was mixed in corn oil and administered to the mice in daily pulse doses

using a stomach tube (gavage). The tumor response (mouse liver tumors) was 80%

and 95 % in the 2 female groups which is near a maximal response which yields little

dose-response information that is useful in high dose to low dose extrapolation. On

the other hand the dosage rates were lowered in the male mice such that the liver

tumor response was 35% in the low dose and 98% in the high dose. The CAG

potency slope is based on the geometric mean of the male (3.3 x 102) and female

(2.Ox 10') upper bound potencies calculated from the linearized multistage model.

However, from a data quality viewpoint the near maximum response in the females
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makes that data set less reliable for low dose extrapolation. For comparison the 10'

risk dose using the male data is 0.003 mg/kg while the female potency predicts a l0r4

risk dose of 0.0005 mg/kg or 6 time.n smaller.

EPA argued that since there were no inhalaton studies and no phamacokinetic data

to contraindicate the use of the pvage data therefore it was appropriate to use the

mouse gavage data to derive the inhalation route potency. The agency is silent on the

question of why the drinking water studies were not used since intake over a period of

time as occurs with drinking water more closely approximates expected typical

inhalation exposure for the general population. If the tumor incidence versus dose is

plotted for the rat chloroform in corn oil gavage study with the same data for the rat

drinking water study, it is noted that the tumor response in the gavage with corn oil is

about 30% higher than at comparable doses in the drinking water study.

CAG Potency Slope for inhalation exposure (USEPA 1989):

8.1 x 10-2/ mg/kg/day

Primary Drinking Water Standard (MCL): 0. 10 mg/liter (total

trihalomethanes) (40 CFR 141.12).

NIOSH recommended Standard: Ceiling = 9.8 mg/mr3 (1 hr)

OSHA Standard: Ceiling = 244 mg/nm

ACGIH: STEL' - 50 mg/m3

Oral RfD - .01 mg/kg/day (USEPA, 1989, IIS)

- (ACTUALLY 0.0129 MG/KG FROM RAW DATA)

Short term Exposure Limit
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RANGE OF Dr ValueS

The D7 value is defined as that contaminant intake rate (mg/kg/day) that should not

induce an adverse effect to human health or should not pose a risk of cancer

occurrence greater than a prdtermined risk level.

A range of DTs are developed which reflect the certainty and uncertainty in the

underlying toxicology and relevance to man. There is considerable information on the

effects and lack of effects of chloroform in humans that time did not permit fully

integrating into this analysis. The extensive human experience with chloroform has

the effect of reducing the uncertainty. A number of past pharmaceutical products

have contained chloroform. ATSDR (1989) cites one study in which liver function

tests were normal in a population ingesting between 68 and 197 mg chloroform per

day. The upper value will be used as one bench mark for evaluation of

appropriateness of exposure limits. A second bench mark is based on the workplace

experience reported by Challen et al. (1958) (cited by ATSDR, 1989) in which liver

function tests were normal in a population breathing 22 to 71 ppm. At the high level

(77 ppm, 385 mg/M3) a 2 hour/day exposure ( 1.25 M3/hour) would result in an

inhaled dose of 963 mg or about 1 gram/day.

For carcinogens such as chloroform, one DT value is based on the USEPA Cancer

Assessment Group's cancer potency slopes. The cancer potency slope for chloroform

for oral exposure routes is based on a rat drinking water study and for inhalation

exposure is based on a mouse oral pulse dosing gavage study. The slopes are intended

to be a plausible upper bound of the potency of a carcinogen in inducing cancer at

low doses. Calculation of a Dr using a cancer potency slope requires selection of an

acceptable cancer risk level. A range of risk levels from 104 to lO7 is considered for

all carcinogens, therefore a range of Dr values is presented. Derivation of the oral

Dr values for chloroform is as follows:
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DT = Risk Level

Potency Slope (mg/kg/dayY'

=lx 10

6.1 x 10' (mg/kg/day)'-

= 1.6 x 102 mg/kg/day

The inhalation D1T values for chloroform were similarly computed using the inhalation

potency slope.

The range of CAG cancer potency based Dr values for chloroform is presented

below:

DT Oral Exposure D1) Inhalation Exposure

Risk Level (mg/kg/day) (mg/kg/day)

I0W 1.6 x 10' 1.2 x l(Y'
10", 1.6 x 10"2  1.2 x 10'

10- 1.6 x 101 1.2 x 10s

A corresponding second set of DT values derived from the MLE estimate from the

multistage model (Shell, 1988) and the geometric mean of 5 plausible dose-response

models are:
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Risk Level MLE based Geometric Mean Based

(mg/kg/day) (mg/kg/day)
104 8 x 10" 7 x 10+1
10-, 8 x 10- 7 x 10°

100 8 x 10- 7 x 10'

The difference in the DT based on the CAG potency and the MLE estimate of

potency is 50. The geometric mean based DT predicts a 4000 fold higher safe dose

than the CAG based DT.

The third DT is based on the EPA RfD which in turn is based on protecting against

liver effects in dogs which are the most sensitive known species with effects

demonstrated after 7.5 years of exposure to 15 mg/kg for 6 days/week and is 0.01

mg/kg. A 1000 fold safety factor was used since the lowest dose used (15 mg/kg)

produced some effects. At the third DT of 0.01 mg/kg the total dose in a 70 kg

human would be 0.7 mg/day. Recalling the 2 bench mark doses developed above

(197 and 960 mg/day) the dog derived RfD would appear to provide an apply margin

of safety ( 1970.7 = 281). A DT based on preventing liver damage should be given

some weigh since chloroform may be acting through a non-genotoxic mechanism and

the carcinogenicity may be linked to the overt cell damage that can be seen at the

higher doses associated with liver tumors in mice and kidney tumors in rats (see

ATSDR, 1989 for details) The third DT based on a 1000 fold safety factor is smaller

than the 10-4 and 10-5 risk based doses estimated by the MLE of the multistage

model.

The fourth DT is based on using a smaller safety factor given the long term human

experience with chloroform. Using the same end point of liver damage in dogs, but a

safety factor of 100 yields a DT = 0.129 mg/kg or for a 70 kg human a daily

exposure of 9 mg which is still smaller than the 2 no-effect bench mark doses

developed above. This increases the certainty that a DT of 0.129 mg/kg is still

protective against demonstrable liver toxicity.
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CERTAINTY AND UNCERTAINTY IN THE Dr VALUES AND UNDERLYING

TOXICOLOGY

Chloroform is a carcinogen in rats and mice when given in sufficient amounts.

Chloroform is not a potent genotoxin and if it is enotoxic at all it appears to be a

weak genotoxin. The human epidemiology data does not lead to the conclusion that

chloroform is a carcinogen in people.

The question of whether or not chloroform is a human carcinogen, especially at low

doses, can not be answered by science at this point in time. The question of

carcinogenicity of chloroform for humans contains at least 3 major factors: 1. is

chloroform carcinogenic at any dose in humans? 2. Is chloroform as potent a

carcinogen at low doses as predicted by the animal data? and 3. If chloroform is a

human carcinogen, is the carcinogenicity related to overt tissue damage as occurs with

the higher levels of chloroform exposure? Based on the work place standard of 10

ppm (50 mgIM 3) a 8 hour/day (10M3) exposure results in a calculated dose of 7

mg/kg. This exposure rate for 40 years, 5 days/ week would result in a predicted

cancer risk of I in 4 (0.23, rounded). If the exposure is overestimated by a factor of

2 the risk is I in 8 and so on. For a daily intake of 200 mg (pharmaceutical products

for example) then the lifetime risk at the rat based oral potency number predicts a risk

of I in 58. This suggests that either/and l.the potency is over estimated for low

doses, 2. a chloroform cancer problem has went undetected or 3. the actual human

exposures were much less.

If chloroform acts through some cancer mechanism associated with measurable cell

damage then a DT that is protective for tissue damage would be protective against a

cancer risk. This is supported in part by the generally negative genotoxicity assays

with the caveat that the assays may not have been done with adequate levels of

enzyme systems to produce high enough levels of active metabolites.
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The certainties are 1. chloroform causes fiver and kidney tumors in laboratory animals

at doses and in tissues where visible tissue damage occurs before tumors occur. 2.

Chloroform at sufficient dosages is toxic in animals and humans. 3. Humans have

come into extensive contact with chloroform over the years and there is no significant

substantial evidence that chloroform is a human carcinogen at typical levels of

exposure. 4. There is circumstantial evidence confounded by the presence of multiple

materials that exposures to mixtures containing chloroform that ther is a tumorigenic

response in human-
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DDT/DDD/DDE

DDT, 1,1,1-bichloro-2,2-bis(p-chlorophenyl)ethane, was one of the most

widely used agricultural crop pesticides in the United States until it was banned for all

but essential public health uses on January 1, 1973. It is still used worldwide today,

primarily for the control of insect vectors that carry malaria-causing parasites. As a

result of its extensive use in the United States from 1946-1972 and its environmental

persistence, DDT is a ubiquitous soil, air, water, and food contaminant. DDD, I,1-

dichloro-2,2-bis(p-chlorophenyl)ethylene, and DDE, 1,1-dichloro-2,2-bis(p-

chlorophenyl)ethane, persist as the primary human metabolites of DDT, the

environmental degradation products of DDT, and as contaminants in technical grade

DDT. Like DDT, DDD has also been used as a pesticide. The high lipid solubility

and environmental persistence of DDT, DDD, and DDE have resulted in their

bioaccumulation in food chain organisms. Bioaccumulation and subsequent

biomagnification processes are responsible for the decreased reproductive success of

many bird species.

DDT, DDD, and DDE have been shown to be carcinogenic in mice, causing

liver tumors, and also have been positively associated with an increased incidence of

lung tumors (DDT, DDD) and malignant lymphomas (DDT) in mice. DDT has been

positively associated with cancer of the liver, lung, and adrenal glands in rats, while

administration of DDD and DDE to rats, has been associated with an increased

incidence of thyroid tumors. DDE has also been positively associated with an

increased incidence of liver tumors in hamsters. Data as to the carcinogenicity of

DDT, DDD, or DDE in humans are conflicting and insufficient. Central nervous

system effects in humans following acute exposure include headache, nausea, fatigue,

dizziness, uncertain gait, hypersensitivity to contact, vomiting, and convulsions. A

number of in vitro and in vivo assays have shown that DDT, DDD, and DDE are

genotoxic.
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Reported concentrations of DDT and DDE in United States air samples range

from 1.4 to 1560 ng/rn and 1.9 to 131 ng/m3, respectively. A maximum air

concentration of 33.3 ng/ml for DDD has been reported. Surface water samples have

contained levels of DDT, DDD, and DDE in concentrations ranging from 0.005 to

0.316 pg/l, 0.015 to 0.840 &g/l, and 0.02 to 0.05 pig/I, respectively. A five-city

survey of soil samples reported a DDT concentration range of 0.01 to 5.86 ppm and a

DDD concentration range of 0.01 to 39 ppm. Soil monitoring in areas in which DDT

application was extensive has shown that over time the ratio of DDE:DDT increases,

suggesting a transformation of DDT to DDE.

Most recent market basket surveys report the presence of DDT in leafy

vegetables at a concentration of 0.4 ppb and in root vegetables at a concentration of

0.6 ppb, while DDE has been reported to be present in a number of items including

concentrations of 4.6 ppb in root vegetables, 3.0 ppb in meat, fish, and poultry, 2.4

ppb in leafy vegetables, and 1.5 ppb in dairy products. Average dietary intake of

DDT and DDE was estimated to be 0.0022 mg/day for the year 1981.

Technical DDT is a mixture containing 65-80 percent, p,p-DDT, 15-20

percent o,p'-DDT, up to 4 percent p,p'-DDD, and traces of other materials.

Metabolites of DDT include p,p'-DDE and o,p'-DDD. The DDT isomers and

metabolites are usually found together and generally have similar properties;

therefore, they are considered together. Where differences occur, the specific isomer

is identified. DDT is used to refer to the combination of technical material and

metabolites. Specific DDT isomers are identified as such.

CAS Number: p,p'-DDT: 50-29-3
o,p'-DDT: 789-02-6
p,p'-DDD: 72-54-8
o,p'-DDD: 53-19-0
p,p'-DDE: 72-55-9

Chemical Formula: p,p'- and o,p'-DDT: C141,CIS
p,p'- and o,p'-DDD: C13HIoC14
p,p'- and o,p'-DDE: C14HC1.4
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IUPAC Name: p,p'-DDT: 1,1,1-Trichloro-2,2-bis(4-chlorophenyl)
ethane

o,p'-DDT: 1,1, ,1-Trichloro-2-(2-cblorophenyl)-2-(4-
chlorophenyl)ethane

pIP'-DDD: 1, 1-Dicbloro-2,2-bis(4-chlorophenyl)ethane

o,p'-DDE: 1, 1-Dichloro-2,2-bis(4-chlorophenyl)ethane

Imporat Synonyms and Trade Names:

DDT: Dichlorodiphenyltrichloroedbane, dicophane,
chlorophenotane, Gesarol, Neocid

p,p'-DDD: TDE, Rothane

Chemical and Physical Poerties

Molecular Weight: o,p'- and p,p'- DDT: 354.5
DDD: 320
DDE: 318

Boiling Point: DDT: 260*C

Melting Point: DDT: 109*C
DDD: 112*C
DDE: 90tC

88.4*C (Burrows et al. 1979)

Solubility in Water: p,p'- DDT: 5.5 lig/liter
o'p'- DDT: 26 p#gIliter
p'p'- DDD: 20 I~g/Iiter

DDE: 14 jig/liter

Solubility in Organics: DDT: Soluble in acetone, benzene, cyclohexanone,
morpholine, pyridine, and dioxane
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Log Octanol/Water Partition Coefficient (Y..):

DDT: 3.98-6.19 (Cited in Hansch and Leo 1979)
5.98 (Kenaga 1980)
6.19 (Rao and Davidson 1983)
6.36 (Davies and Dobbs 1984)
5.98 (Lyman et al. 1982)
5.98; 6.19; 6.28; 6.36 (Geyer et al. 1984)
4.0-7.48 (Kadeg et al. 1986. Range and geometric mean of
20 literature values) (geometric mean - 6.07)

p,p'- DDT: 3.98
p,p'- DDD: 5.99
o,p'- DDD: 6.08

DDE: 5.69 (Rao and Davidson 1983)
5.60 (Kadeg et al. 1986)
7.00 (USEPA 1986a)

Soil/Water Partition Coefficient (KJ):

p,p'-DDE:
50,100 Sabljic (1984) (experimental)

147,900 Kadeg et al. (1986) literature value
19,350; 662,200 Kadeg et al. (1986) (log K,. - 4.86, 7.0)
10,490; 153,100 Lyman et al. (1982) Eqn 4-8 (log K,, -

4.86, 7.0)
17,620; 818,500 Lyman and Loreti (1987) (log K, =

4.86; 7.0)
4,400,000 USEPA (1986a)

p,p'-DDT:
23,800 Kenaga (1980) (experimental)

140,000 Chiou et al. (1979) (experimental)
243,000 Rao and Davidson (1983)
4 x 100 - 43,650 Yadeg et al. (1986) (Range and geometric

mean
(geometric mean = of 17 literature values)
302,000)
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Bioconcentration Factor:

p,p'-DDE:
13,900 Lyman et al. (1982) Eqn 5-2 (log K...

7.07)
12,430 Lyman et al. (1982) Eqn 5-2 (log KY. .

5.69)
2,043 Davies and Dobbs (1984) Eqn A (S -

0.12)
25,362 Davies and Dobbs (1984) Eqn B (log K.

w 7.07)
980 Davies and Dobbs (1984) Eqn C (log K..

M 5.60)
3,400 Davies and Dobbs (1984) Eqn B (log K..

= 5.60)
10,600 Lyman et al. (1982) Eqn 5-2 (log K.. =

5.60)
100,000 Davies and Dobbs (1984)

(experimental)
366-9,659 Davies and Dobbs (1984) Eqn B (log K.

3.98-6.36)

p,p'-DDT:

61,600; 84,500 Kenaga (1980) Table 3 (experimental)
623-29,800 Lyman et al. (1982) Eqn 5-2 (log K. = 3.98-

6.19)
20,600 Lyman et al. (1982) Eqn 5-2 (log KY. = 5.98)

40,100 Lyman et al. (1982) Eqn 5-2 (log K,. = 6.36)

27,436 - 13,913 Davies and Dobbs (1984) Eqn A (s = 0.0012 -
0.004)

1,710 Davies and Dobbs (1984) Eqn C (log K,. 6.07)

6,483 Davies and Dobbs (1984) Eqn B (log K,, 6.07)

24,200 Lyman et al. (1982) Eqn 5-2 (log KX. = 6.07)

Vapor Pressure:

p,p'- DDT: 1.9 x 10" mm Hg at 25°C
p,p'- DDT: 7.3 x 10-1 mm Hg at 30C
o,p'- DDT: 5.5 x 10 mm Hg at 30°C
p,p'- DDD: 1.0 x 10 mm Hg at 300C
o,p'- DDD: 1.9 x 104 mm Hg at 30*C
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DDE: 6.5 x 104 mm Hg at 20"C (USEPA 1979)

Henry's Law Constant:

DDD: 7.96 x 10' atm-m3/mole (USEPA 1985)

DDE: 1.1 x 101 atm-m3/mole (calculated)
6.8 x 10 s atm-m3/mole (USEPA 1985)
2.86 x 10.1 Dimensionless

DDT: 9 x 104 atm-m3/mole (calculated)
5.13 x 104 atm-me/mole (USEPA 1985)
2.16 x 10y2 Dimensionless

Transport and Fate

DDT and its metabolites are very persistent in the environment. Volatilization

is not likely to be an important transport process from soil and water for DDT and its

metabolites as evidenced by their low vapor pressures. The half-life of DDT in the
atmosphere is not certain, however, it is lost from the atmosphere by rain and

photochemical degradation (USEPA 1984).

The range of the soil-water partition coefficients (K.,) reported above indicates

that sorption of DDT and its metabolites to soils/sediments and dissolved organic

material will occur. Pavlou (1980) estimates that sorption of chlorinated hydrocarbon

pesticides is very high. The combined low water solubility and high organic
partitioning suggest that DDT will exhibit little environmental mobility. The half-life

of DDT in soil is estimated to range between 3 and 15 years (USEPA 1984).

Although it occurs slowly, p,p'-DDT, o,p'-DDT, and DDD are ultimately

biotransformed in the environment (microorganisms) to form bis(2-chlorophenyl)

methanone (DDCO). In aquatic environments, indirect photolysis may also be
important for p,p'-DDT and o,p'-DDT. For DDE, direct photolysis is a more
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important fate process in the environment, although biotransformation may also be

important.

A range of experimental and estimated bioconcentration factors (BCFs) for

DDT and its metabolites in fish is reported above. Biomagnification of DDT and its

metabolites has been demonstrated in many species, most notably in rapton. ASTM

(1985) indicates that chemicals with bioconcentration factors less than approximately

100 have low potential for causing harm to wildlife and human health via

magnification of residues up food chains. The magnitude of the concenation factors

indicates that significant bioconc-tration and biomagnification of DDT residues can

occur.

Health Effe

Human exposure to DDT, DDD, and DDE can occur through inhalation,

ingestion, or dermal contact. Human absorption of DDT is directly proportional to

dietary exposure with a half-life clearance of between 10 and 20 years (U.S. EPA

1988). Epidemiological studies of human exposure to DDT have either been of

insufficient duration or presented conflicting results to show evidence of a relationship

between DDT and human cancer. "Autopsy studies relating tissue levels of DDT to

cancer incidence have yielded conflicting results. Three studies reported that tissue

levels of DDT and DDE were higher in cancer victims than in those dying of other

diseases.. .In other studies no such relationship was seen.. .Studies of occupationally

exposed workers and volunteers have been of insufficient duration to be useful in

assessment of the carcinogenicity of DDT to humans.' (U.S. EPA 1988) Human

epidemiological data are not available for DDD or DDE (U.S. EPA 1989a, 1989b).

Occupational studies of workers employed in pesticide manufacturing show that

DDT stimulates hepatic enzyme activity, although no direct evidence of human liver

dysfunction has been reported (ATSDR 1988). The central nervous system appears to

be the primary target for acute human exposures to DDT. 'Clinical symptoms

include hyperexcitability, tremors, and convulsions." (ATSDR 1988) These
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symptoms appear to be reversible upon cessation of exposure (ATSDR 1988).

Chromosomal aberrations have been reported in human lymphocytes upon in vitro

exposure to DDT, as well as in plasma of workers occupationally exposed to DDT

(ATSDR 1988). Although there are no data to suggest that maternal DDT exposure is

assocaed with adverse human reproductive outcomes, DDT, DDD, and DDE have

been found in human blood, placental tissue, and umbilical cord blood (ATSDR

1988).

There are a number of animal studies that confirm the carcinogenicity of DDT,

DDD, and DDE. Liver tumors have been reported in several strains of mice and rats

upon dietary exposure to DDT, in mice upon dietary exposure to DDD, and in mice

and hamsters upon dietary exposure to DDE (ATSDR 1988, U.S. EPA 1988, 1989a,

1989b). Lung adenomas have been reported in mice exposed to DDT via diet or

gavage and to mice exposed to dietary DDD (ATSDR 1988, U.S. EPA 1989a).

Malignant lymphomas were also reported for mice orally exposed to DDT (ATSDR

1988). Bioassay data also suggest that DDD and DDE induce thyroid follicular cell

tumors in rats upon dietary exposure (U.S. EPA 1989a, 1989b). DDT has also been

reported to be a liver tumor promoter in rat studies (U.S. EPA 1988). Chromosomal

damage has also been reported in Chinese hamster cells following exposure to DDT,

DDD, or DDE and in the bone marrow of mice upon in vivo exposure to DDT

(ATSDR 1988). DDT and DDD have been positive in several other in vitro and in

vivo genotoxicity assays (ATSDR 1988). EPA has classified DDT, DDD, and DDE

as Probable Human Carcinogens (B2) (U.S. EPA 1989a, 1989b). The International

Agency For Research on Cancer has classified DDT as Group 2B: evidence for

carcinogenicity to humans is inadequate but evidence for carcinogenicity to animals is

sufficient.

Other animal data show the liver to be one of the primary target organs of non-
carcinogenic DDT toxicity. Chronic dietary exposure to DDT has resulted in a

number of hepatic effects including increased enzyme activity, increased liver weight,

necrosis, hypertrophy, and hyperplasia in rats, hamsters and dogs (ATSDR 1988,

U.S. EPA 1988). Chronic dietary exposure to DDE has also resulted in necrosis of
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the liver in hamsters (ATSDR 1988). Animal studies have confirmed the central

nervous system effects reported in humans upon exposure to DDT. Acute oral

exposure to DDT has resulted in tremors, myoclonus, hyperexcitability, and

convulsions in rats and mice, while chronic exposure has been associated with tremors

and general hyper'rritability in rats (ATSDR 1988). Exposures to DDT, DDD, or

DDE have been associated with a number of adverse developmental or reproductive

outcomes in various animal species upon maternal oral exposure. These effects

include embryotoxicity and fetotoxicity, as well as reduced fertility in experimental

animals in the absence of maternal toxicity (ATSDR 1988). Data from studies in

mice, rats, and rabbits also indicate that oral exposure to DDT induces a humoral

response including increases in immunoglobulins (ATSDR 1988).

Various LD-v values have been reported for DDT and its metabolites. Oral

LDso values for DDT ranged from 113 to 800 mg/kg for rats and were 400 and 300

mg/kg for guinea pigs and rabbits, respectively (ATSDR 1988). Oral LDos were

reported to range from 400 to 4,000 mg/kg for rats and 1,466 to 1,507 mg/kg for

mice exposed to DDD (ATSDR 1988). The LDses for rats upon intraperitoneal and

subcutaneous injections of DDT were reported to be 9.1 and 1,500 mg/kg,

respectively. The LD50 range in mice exposed to DDT via intraperitoneal injection

was reported to be 32 to 333 mg/kg (ATSDR 1988).

Toxicity to Wildlife and Domestic Animals

DDT has been extensively atudied in freshwater invertebrates and fishes and is

quite toxic to most species. The range of toxicities to these organisms was 0.18 to

1,800 pg/liter and the freshwater final acute value for DDT and its isomers was

determined by EPA to be 1. 1 j&g/liter (USEPA 1980). Saltwater species were

somewhat more sensitive to DDT. The saltwater final acute value for the DDT

isomers was 0.13 jig/liter (USEPA 1980). Only one chronic toxicity test on aquatic

species was reported. This test indicated that the acute.chronic ratio for DDT may be
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high (65 in the reported study), but the data were insufficient to allow calculation of a

final acute-chronic ratio.

DDT, DDD, DDE and other persistent organochlorine pesticides are primarily

responsible for decreases in the reproductive capabilities and consequently in the

populations of some fish-eating birds; particularly the bald eagle, brown pelican, and

osprey. DDT has also been shown to significantly decrease populations of other

species of waterbirds, raptors, and passerines (EOP 1971).

Regulations and Standards

Ambient Water Quality Criteria (USEPA 1986b):

Aquatic Life (Freshwater)

DDT:

Acute toxicity: 1.1 pg/liter (at any time)
Chronic toxicity: 0.001 pg/liter (24-hour average)

Aquatic life (Marine)

Acute toxicity: 0.13 juglliter (at any time)
Chronic toxicity: 0.001 sg/liter (24-hour average)

DDD and DDE: The available data are not adequate for establishing Ambient

Water Quality Criteria. However, EPA (U.S. EPA 1986b) does report the

lowest values known to be toxic in aquatic organisms.

Aquatic Life (Freshwater)

Acute toxicity: DDD: 0.06 sag/liter
DDE: 1050 pg/liter

Chronic toxicity DDD and DDE: No available data

159

Prepared by Shell OU Company



Aquatic life (Marine)
Acute toxicity: DDD: 3.6 pg/liter

DDE: 14 jg/liter

Chronic toxicity: DDD and DDE: No available data

Human Health - Caminotenicity

Due to the carcinogenicity of DDT and its isomers the ambient water criterion

is set at zero. However, U.S. EPA (1988) estimates of the carcinogenic risks

associated with lifetime exposure from consumption of water are:

Risk Concentration

104 1o Ag/L
10'• 1 IAg/L
10W 0.1 og/L

Drinking Water Unit Risk (USEPA 1988): 9.7E-6 (ug/L)2

CAG Potency Slope for Oral Exposure (USEPA 1988): 0.34 (mg/kg/day)-'

USEPA (1988) notes that if the water concentration exceeds 1,000 ,g/L the

unit risk factor cited above should not be used because above this concentration the

slope factor may differ from that stated.

CAG Potency slope for inhalation exposure (USEPA 1988): 0.34 (mg/kg/day)-'

Inhalation Unit Risk (USEPA 1988): 9.75E-5 (pg/ml)"'
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Air Concentrations at Specified Risk Levels:

Risk concentration

10" 1g•g/Mn
Ia, 0.1 /g/m 3

100 0.01 ug1m'

USEPA (1988) notes that if the air concentration exceeds 100 gig/m', the unit

risk factor cited above should not be used because above this concentration, the slope

factor may differ.

DDD

CAG Potency Slope for Oral Exposure (USEPA 1989a): 0.24 (mg/kg/day)-"

Drinking Water Unit Risk (USEPA 1989a): 6.96E-6 (Ug/L)"1

Drinking Water Concentrations at Specified Risk Levels:

Risk Concentration

1074 l0gg/L
l0r 1 gIg/L
10W 0.1 gglL

USEPA (1989a) notes that if the water concentration exceeds 1,000 tig/L, the

unit risk factor cited above should not be used because above this concentration, the

slope factor may differ.

DDE

CAG Potency Slope for Oral Exposure (USEPA 1989b): 0.34 (mg/kg/day)"1

Drinking Water Unit Risk (USEPA 1989b): 9.7E-6 (jg/L)"l
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Drinking Water Concentrations at Specified Risk Levels:

Risk Concentration

10'4 10 g/gL
10"' I •g/L
I04 0. 0 . g1 L

USEPA (1989b) notes that if the water concentration exceeds 1,000 jag/L, the

unit risk factor cited above should not be used because above this concentration,

the slope factor may differ from that stated.

Human Health- Non-Carcinogenic Endpoints

USEPA (1988) has issued an oral reference dose value for DDT

assuming that a threshold level exists for other toxic effects, such as cellular

necrosis of the liver, at which this effect would not occur in humans exposed to

DDT on a daily basis.

Oral RfD for DDT (USEPA 1988): 5E-4 mg/kg/day.

Other Regulations and Standards to be Considered

WHO/FAO ADI (ATSDR 1988): 5 #g/kg/day for DDT.

OSHA Standard (air): TWA' = I mg/mr

ACGIH Threshold Limit Value: TWA = 1 mg/m3

FDA Action Levels: FDA has set action levels for residues of DDT and
DDE in 52 food categories ranging from 0.05 ppm
in fish and tomatoes to 1.25 ppm in milk.

8 hour time weighted average.
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The DT value is defined as that contaminant intake rate (mg/kg/day) that

should not induce an adverse effect to human health or should not pose a risk of

cancer occurrence greater than a predetermined risk level.

For carcinogens such as DDT and its isomers, the Dr value is based on

the USEPA Carcinogen Assessment Group's cancer potency sdopes. The cancer

potency slopes have been estimated for oral exposure routes and for inhalation

exposure for some chemicals. The slopes are intended to be a plausible upper

bound of the potency of a carcinogen in inducing cancer at low doses.

Calculation of a Dr using a cancer potency slope requires selection of an

acceptable cancer risk level. A range of risk levels from 10W to 10W is

considered for all carcinogens, therefore a range of DT values based on the

respective U.S. EPA cancer potency factors for DDT, DDD and DDE is

presented. Derivation of the oral and inhalation Dr values for DDT is as

follows:

Risk LevelD=
Potency Slope (mgfkg/day)"

I IxlO4

0.34

- 2.9 x 10 mg/kg/day

The ranges for DDT, DDD and DDE based on their respective U.S. EPA cancer

potency factors are presented below:
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DDT Contmn Intake Rae Comparion:

D? Oral Exposure DT Inhalation Eqpour
L ml (mmgkg/dav .. (mg/kgjdav)

104 2.9 x 100 2.9 x 10W
10' 2.9 x 10s 2.9 x 10M
104 2.9 x 104 2.9 x 104

DDD Contaminant Intake Ratw Comparisons:

Dr Oral Expowur

104 4.2 x 10r
1(0' 4.2 x 10'
10' 4.2 x 104

DDE Contaminant Intake Rate Comparisons:

DT Oral Exzposur

104 2.9 x 104
10' 2.9 x 10'
10' 2.9 x 104

2mmmfn DT.ya/m

The U.S. EPA (1988) cancer potency factor for DDT (0.34/mg/kg/day) was

derived from six studmi reporting rumors of the liver in no and mice. This slope

fhcor is die geomeatic mman of the individual slope factos derived from the DDT rat
and muce studies. MTw U.S. EPA (1919a) cancm potecy fbar for DDD

(0.24/mg/kg/day) was derived from a study of mouse liver tumors. The U.S. EPA
(1989b) cancer potency factor for DDE is the pom rwac- of six upper bound

slope fctws (qjes) derived ftm studies reporting liver mors n mice and hamser
upon oral eposue.
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These U.S. EPA cancer potency factors represent the 95% upper confidence limit

computed using the linearized multi-stage model of carcinogenesis. A number of

alternative slope factors for DDT, DDD, and DDE can be derived from individual

animal studies, as a basis of comparison. From these alternative slope values, a

series of alternative DT values may be derived. Table I shows a number of

alternative contaminant intake rates (DT) at the 10r$ risk level.
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DIBROMOCHLOROPROPANE'

Dibromochiloropropane (DBCP) is a persistent and environmentally mobile pesticide.

Formerly, DBCP was used as a soil fumigant and nematocide. It is carcinogenic in

mice and rats and mutagenic in bacterial systems and mammalian cell cultures. It

causes forestomach, kidney, liver and mammary tumors (female rats) when

administered orally. When administered via inhalation, it causes nasal, tongue, and

lung tumors. Some men occupationally exposed to DBCP exhibit abnormally low

sperm counts. Animal studies have shown that dibromochloropropane is cytotoxic

and has adverse effects on the tests, liver, kidneys, respiratory tract, central nervous

system, and blood cells.

CAS Number: 96-12-8

Chemical Formula: CH5Br 2CI

IUPAC Name: 1,2-Dibromo-3-chloropropane

Important Synonyms and Trade Names; DBCP, Fumazone, Nemagon

Chemical and Physical Properties

Molecular Weight: 236.36

Boiling Point: 196C (Berkowitz et al. 1978)

Melting Point: 6°C

5"C (Berkowitz et al. 1978)

Specific Gravity: 2.093 at 140C

Solubility in Water: 1230 mg/liter (USEPA 1985a)

Solubility in Organics: Miscible with oils, dichloropropane, and isopropyl alcohol.
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Log Octanol/Water Partition Coefficient (Kow): 2.29 (Lyman et al. 1982)

Fragment Method

2.43 (USEPA 1985a)

Soil/Water Partition Coefficient (Koc):

130 SabIjic (1984) Table I (experimental)

175 Lyman and Loreti (1987) (log Kow = 2.29)

225 Lyman and Loreti (1987) (log Kow - 2.43)

Bioconcentration Factor:

41.4 Lyman et al. (1982) Eqn 5-2 (log Kow - 2.43)

67.5 Lyman et al. (1982) Eqn 5-2 (log Kow = 2.71)

11.2 Davies and Dobbs (1984) Eqn A (5 = 1,230)

63 Davies and Dobbs (1984) Eqn B (log Kow = 2.71)

43.5 Davies and Dobbs (1984) Eqn B (log Kow = 2.43)

35.9 Davies and Dobbs (1984) Eqn B (log Kow = 2.29)

19.8 Davies and Dobbs (1984) Eqn C (log Kow = 29)

27.6 Davies and Dobbs (1984) Eqn C (log Kow = 2.43)

32.4 Lyman et al. (1982) Eqn 5-2 (log Kow = 2.29)

Vapor Pressure: 0.8 mm Hg at 21°C (USEPA 1985a)

1.1 mm Hg at 25VC (estimated; Lyman et al. 1982)

Henry's Law Constant: 3.5 x 10' atm-m3/mole at 20*C (Burlinson

et al. 1982)

1.47 x 10.2 Dimensionless

3.11 x 10' atm-m0/mole (USEPA 1985b)

1.31 x 10.2 Dimensionless
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Transport and Fate

Dibromochloropropane (DBCP) is a persistent pesticides. The major route of its

removal from soil and aqueous systems is by volatilization. DBCP is decomposed

slowly in soil both by microbial action and by hydrolysis (USEPA 1985b). DBCP

may be converted to n-propanol, bromide, and chloride by soil-water culture

(Berkowitz et al. 1978). A range of estimated and experimental soil-water partition

coefficients is reported above and indicates that sorption of DBCP to soils sediments

and dissolved organic material will occur. The combined water solubility and organic

partitioning data for dibromochloropropane suggest that this compound will exhibit

some degree of environmental mobility.

Plant uptake can occur with DBCP levels generally highest in the root portion.

Bromide ion has also been shown to be present in increased levels in plants grown in

DBCP-treated fields (Guinn and Potter 1962), and may be due to microbial or plant

enzyme activity.

A range of estimated bioconcentration factors (BCFs) for DBCP is also reported

above. ASTM (1985) indicates that chemicals with bioconcentration factors less than

approximately 100 have low potential for causing harm to wildlife and human health

via biomagnification of residues up food chains. The magnitude of the concentration

factors suggests that appreciable bioconcentration or biomagnification of DBCP

residues is not likely to occur.

HeltmhEffect

1. DBCP produces tumors in rats and mice of both sexes when administered by

inhalation, dietary feeding or gastric Savage.
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2. In each oral and inhalation study a tumor response occurred at the site of first

contact (stomach - oral; nasal cavity, lung - inhalation) and in some cases at

other sites as well.

3. The stomach tumors occur in the non-glandular stomach, a structure that is not

present in man. Tumors did not occur in the glandular stomach, the region of

the rat stomach more closely related to the human stomach.

4. Acute high doses of DBCP, greater than 20 mg/kg, produces tissue damage

and necrosis of the nasal cavity, kidney tubule, liver cells and testes. Chronic

oral exposure at 2.39 mg/kg for I year causes necrosis of kidney cells in

female rats.

5. DBCP, has been classified according to EPA's Proposed Guidelines for

Carcinogenic Risk Assessment in EPA's Group B2 (inadequate evidence in

humans) based on positive results in animal studies and inadequate data in

humans (50 Federal Register 46989, Wed. Nov. 13, 1985).

In studies with DBCP, the National Toxicology Program (NTP) reported no effects on

dominant lethal frequency in mice receiving intraperitoneal and subcutaneous

injections (NTP 1985). It has also caused somatic cell mutations and chromosomal

aberrations in Drosophila melanogaster (USEPA 1985b). Chromosome aberrations

and positive evidence of sister chromatic exchange have been repr led in Chinese

hamster ovary cells (NTP 1986).

Some men occupationally exposed to DBCP during its manufacture were found to

have abnormally low sperm counts (USEPA 1985b). The available data does not

allow for quantitative dose-response evaluation from the epidemiology data.

However, the animal studies are illuminating on this point. Male rats and rabbits

exposed to DBCP during subchronic inhalation toxicity studies were found to have
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abnormally low sperm cells as well as degenerative changes in the seminiferous

tubules, decreased weight of the testes, and an increased proportion of abnormal

sperm cells (USEPA 1985b) after 14 weeks exposure to 10 ppm (19.6 mg/kg) in rats

or 1.0 ppm (1.44 mg/kg) in rabbits. The no-effect levels were 1 ppm (1.96 mg/kg)

in rats and 0.1 ppm (0.144 mg/kg) in rabbits. More recent studies using drinking

water routes of exposure have demonstrated no-effect levels of 37.6 ppm (0.94

mg/kg) in rabbits. In rats water levels of 200 ppm DBCP did not affect fertility,

sperm counts, male reproductive hormone levels or microscopic structure of the testis.

Sperm counts were decreased in rats when a dose of 15 mg/kg in corn oil was

administered by gavage. (Shell, 1986). The animal studies have clearly demonstrated

that the effect of DBCP on male reproduction follows dose-response principles and

definitive no-effect levels have been shown.

Liver and kidney effects have also been noted in animal studies. Effects range from

dilatation of the sinusoids and centrilobular congestion to cirrhosis and necrosis in the

liver. Cloudy swelling of the epithelium of the proximal convoluted tubules and

increased amounts of interstitial tissue have been found in the kidneys (USEPA

1985b). Effects on blood cells were also noted in several studies. These effects

include severe leukopenias and anemias in exposed monkeys and decreased activity of

phagocytic cells in exposed rats (USEPA 1985b). At toxic doses there is cellular

damage that in the extreme leads to necrosis (death of cells). Tissue damage,

cytotoxicity, has been observed in all target organs that later develop tumors. (Shell,

1986) The cytotoxicity leading to cell death and cell replacement may be responsible

in part for the increased incidence of tumors. The tumors occurred at sites where

cells have the natural ability to replicate.

Toxicity to Wildlife and Domestic Animals

The acute oral LD50 value of DBCP to female mallard ducks is 66.8 mg/kg and 156

mg/kg in female pheasants. Both avian LD50 values are lower than the acute oral
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LD50 value of the rat (400 mg/kg) and indicate an increased sensitivity of these

animals. Exposure to a water concentration of I miglliter DBCP for 24 hours

produced a 90 percent mortality in clam larvae. At a use conrnmuation of 20 gallons

DBCP per acre, 100 percent of exposed earthworms died in I day. At a use raits of 5

pounds per acre, DBCP killed 87 percent of the Lumbricus and 28 percent of the

Helodrilus sp. in 32 days.

Reeulations and Standards

NIOSH Recommended Standard: 10 ppb (0.1 mg/mr)

National Primary Drinking Water Standard (USEPA): Zero

(Proposed RMCL; 50 Federal Register 46988, Wednesday, November 13,

1985)

OSHA Standard (air): TWA (time weighted average) 1 ppb (9.6 ug/m3)

EPA has produced several risk estimates for DBCP. The June 8, 1978 value was

based on a multihit model applied to the NCI gavage dosing studies and yielded the

equation:

P(x) = 1.209 1 l0' d, where d was ng/kg/day.

This is equivalent to:

P(x) = 12.91 d, where d is mg/kg/day, the same dose scale as presently used

in tables of potency.
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CAG Upper Bound Potency Slope for Oral Exposure (USEPA 1985c): 1.4

(mg/kg/day)"'.

Shell (1986) conducted an extensive risk assessment on DBCP several models and

dose scaling factors. The tumor incidence data were obtained from the 2 year rat

feeding study. The tumor incidence in the male rats gave the highest estimates of

cancer risk as follows:

Model Potency for Lifetime risk, mg/kg dose scale

Maximum likelihood estimates

Weibull 3.85 x 10.' (mg/kg/day)'

Multihit 3.5 x 104 (mg/kg/day)'

Multistage 1.4 x 10r' (mg/kg/day)-'

The geometric mean of the above 3 models is 6.04 x 10-3 (mg/kg/day)'1 which is one

indicator of central tendency. Including the logit and probit models with the previous

3 models (see risk assessment for details) provides another measure of central

tendency across 5 models and yields a potency was 9.1 x l(Y3 (mg/kg/day)1l which is

not much different than the geometric mean of the 3 models.

The risk was also estimated using the female tumor incidence. Only the multistage

model predicted mush risk and the potency was 7 x 104 (mg/kg/dayl)'-.
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D, Value

The D,. value is defined as that contaminant intake rats (mglkg/day) that should not

induce an adverse effect to human health or should not pose a risk of cancer

occurrence greater than a predetermined risk level.

The first D.,. value is based on the USEPA Cancer Assessment Group's cancer

potency slopes. The cancer potency slope was estimated for oral exposure routes

using the linearized multistage model and the rat feeding study data. The slopes are

intended to be a plausible upper bound of the potency of a carcinogen in inducing

cancer at low doses. Calculation of a D,. using a cancer potency slope requires

selection of an acceptable cancer risk level. A range of risk levels from 10' to 101 is

considered for all carcinogens, therefore a range of D., values is presented.

Derivation of the D.,. values is as follows:

D,. = Risk Level

Potency Slope (mg/kg/day)'

1.4 (mg/kg/day)'

= 1.1 x 10-1 (mg/kg/day)

The range of Dr,. values from DBCP is presented below:

Rs et D , (mg/U/day)

104 7.1 x 104

los 7.1 x 10'

10' 7.1 x IOV
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A range of D,.s based on alternative and equally plausible dose-response models have

been calculated based on the Weibull, Multihit, Multistage, and geometric mean as

follows:

Model D.r. (mg/kg/day) at several risk levels

Male data 10 10.5 104

Weibull 2.6 x 10.2 1.6 x 104 2.6 x 100

Multihit 2.9 x 10.' 2.9 x 10r* 2.9 x 10"'

Multistage 7.1 x 10. 7.1 x 10.W 7.1 x 10.'

Geometric mean of above

1.7 x 10.2  1.7 x 10.' 1.7 x 10'

Female data

Multistage 1.1 x 10.2 1.1 x 10.I 1.1 x 10.

The D.,. for reproductive effects have been calculated. Using the rabbit inhalation no-

effect level (0.144 mg/kg) yields an inhalation D.,. of 0.000144 mg/kg with a 100 fold

safety factor, using the most sensitive species. The corresponding value with 100 fold

safety factor using the rat data is 0.019 mg/kg. Using the oral route of exposure data

the no-effect level for the rabbit was 1 mg/kg or with a 100 fold safety factor a D =

0.01 mg/kg.
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CERTAINTY AND UNCERTAINTY IN THE D,. AND SUPPORTING

TOXICOLOGY

DBCP is a reproductive toxin in male animals and human males when the exposure is

sufficient. No-effect levels have been established in animal studies using pvage and

drinking water routes of exposure. There is a high degree of certainty that a D,. of

0.01 mg/kg/day would be protective for reproductive effects.

DBCP is cytotoxic resulting in cell injury and death. Levels of I ppm in air can

result in epithelial cell damage in the nasal passages. Cytotoxicity has been observed

in all tissues and organs where tumors have occurred in lifetime exposure studies.

DBCP is an animal carcinogen in rats and mice. In the rat study there was a sex

difference with more tumors at lower doses in the males than in the females.

Using different dose-response models yields a range of Dr. values with a range of

uncertainty of about 3 orders of magnitude or more. It is plausible but not proven

that DBCP at low rates of exposure either presents no cancer risk to humans or a risk

much lower than that extrapolated from high doses. Using the 10W risk level as a

discussion point the EPA upper bound on the risk gives a D.,. of 7.1 x 10'

mglkg/day. The maximum likelihood estimate from the multistage model yields a Dr

of 7.1 x 10' or one order of magnitude larger. The other models yield D,..s of 2.6 x

10.2 (Weibull) and 2.9 x 10-1 (Multihit) which are 300 to 4000 times larger than the

D,. based on the upper bound of risk. The geometric mean of the 3 maximum

likelihood estimates yields a D., of 1.7 x 10"2 which is 200 times larger than the D,.

based on the upper bound of risk. The D, based on a 100 fold safety factor and a

no-effect level for reproductive effects, which includes protecting against cytotoxicity,

is I x 10"2 which is 200 times larger than the Dr. based on the upper bound of risk.

The geometric mean of the 3 maximum likelihood estimates yields a Dr. of 1.7 x 10.2

which is 200 times larger than the D,. based on the upper bound of risk. The Dr,.
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based on a 100 fold safety factor and a no-effect level for reproductive effects, which

includes protecting against cytotoxicity, is I x 102 mg/kg/day. On this basis the

Weibull and Multibit D.,.s at I0W risk while estimating protective doses for cancer

would not provide a conventional safety margin for reproductive effects. At a D., of

1 x 102 mg/kg/day the calculated cancer risks range from the upper bound value of

1.4 x 102 down to 3.5 x 10' for the multihit model.

If DBCP acts at least in part through a non-genotoxic, cytotoxicity, increased rates of

cell replication cancer mechanism than the D,. that protects against reproductive

effects and cytotoxicity would have the effect of reducing the low dose cancer risk.

This is a plausible, but not proven alternative.

186

Prepared by Shell Oil Company



ASTM. 1985. Standard Practice for Conducting Bioconcentration Tests with Fishes

and Saltwater Bivalve Mollusca. Designation E 1022-84, pages 590-62. In:

1985 Annual Book of ASTM Standards Volume 11.04. American Society for

Testing and Materials, Philadelphia, Pennsylvania.

BERKOWITZ, J.B., M.M. GOYER, J.C. HARRIS, H.J. LYMAN, R.A. HORNE,

L.H. NELKEN, J.E. HARRISON, and D.H. ROSENBLATT. 1978.

Literature Review-Problem Definition Studies on Selected Chemicals. Final

Report. Vol. 11. Chemistry, Toxicology, and Potential Environmental Effects

of Selected Organic Pollutants. Contract No. DAMD 17-77-C-7037, Arthur

D. Little, Inc. Cambridge, MA (AD B052946L).

MERCK INDEX. 9th ed. Windholz, M., Ed. Merck and Co., Rath-way, New Jersey.

NATIONAL CANCER INSTITUTE (NCI). 1977. Bioassay of

Dibromochloropropane for Possible Carcinogenicity. CAS No. 96-12-8. NCI

Carcinogenesis Technical Report Series No. 28, Washington, D.C. DHEH

Publication No. (NIM) 78-828.

NATIONAL INSTIIUTI E FOR OCCUPATIONAL SAFETY AND HEALTH

(NIOSH). 1978. A Recommended Standard for Occupational Exposure to

Dibromochloropropane. Center for Disease Control, NIOSH, Cincinnati,

Ohio. DHEH Publication No. (NIOSH) 78-115.

NATIONAL TOXICOLOGY PROGRAM (NTP). 1985. Fiscal Year 1985 Annual

Plan. U.S. Department of Health and human Services. Public Health Service.

Washington, D.C. NTP-85-055. March 1985.

187

Prepared by Shell Oil Company



NATIONAL TOXICOLOGY PROGRAM (NTP). 1986. Fiscal Year 1986 Annual

Plan. U.S. Department of Health and Human Services. Public Health

Service. Washington, D.C. NTP-86-086. May 1986.

PAVLOU, S.P. 1980. Thermodynamic Aspects of Equilibrium Sorption of Persistent

Organic Molecules at the Sediment-Seawater Interface: A Framework For

Predicting distributions in the Aquatic Environment. IN: Contaminants and

Sediments. Volume 2. Baker, R.A. (Editor). Science Publishers, Inc. Ann

Arbor, MI.

SHELL, (1986) Risk Assessment of DBCP

SABINIC, A. 1984. Predictions of the nature and strength of soil sorption of organic

pollutants by molecular topology. J. Agric. Food chem. 32:243-246.

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1979. Water-

Related environmental Fate of 129 Priority Pollutants. Washington D.C.

December 1979. EPA 440/4-79-029.

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1985a. Draft

Health Advisory for 1,2-dibromo-3-chloropropane (DBCP). Office of

Drinking Water. U.S. Environmental Protection Agency. Washington, DC.

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1985b. Drinking

Water Criteria Document for 1,2-dibromo-3-chloropropane (DBCP).

Environmental Criteria and Assessment Office. cincinnati, OH. EPA-600/X-

84-209. PB86-1180894/HEB.

188

Prepared by Shell Oil Company



U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1986. Superfund

Public Health Evaluation Manual. Office of Emergency and Remedial

Response, Washington, D.C. EPA 540/1-86/060.

189

Prepared by Shell Oil Company



1, I-DICHLOROETHANE

1,1 -Dichloroethane was at one time used as an anesthetic, but is no longer

used for this purpose because of its marked excitation of the heart. It is not

manufactured in the U.S. but is imported for limited use as a solvent, chemical

intermediate and cleaning agent (U.S. EPA 1980a). 1,1-Dichloroethane is volatile

and therefore not likely to be persistent in aquatic environments. It is a flammable,

colorless, oily liquid only slightly soluble in water. NIOSH has estimated the

number of workers exposed at 4,600 (Sittig 1985). Inhalation exposure to high doses

causes central nervous system depression and cardiac arrhythmia in humans and may

cause hepatotoxicity and kidney injury. In animals, high doses cause liver and kidney

damage and retarded fetal development. Negative results were obtained in the Ames

assay for mutagenicity.

CAS Number: 75-34-3

Chemical Formula: CH3CHC12

IUPAC Name: 1, 1-Dichloroethane

Important Synonyms Ethylidene chloride; Ethylidene dichloride,
and Trade Names: asymmetrical dichloroethane (Sittig 1985)

Chemical and Physical Properties

Molecular Weight: 98.96

Boiling Point: 57.30C

Melting Point: -970C

Specific Gravity: 1.1776 at 200C

Solubility in Water: 5.5 glliter (USEPA 1986a)
8.1 g/liter (ECAO 1980)
8.45 glliter (Chiou 1976)
0.5 g/100 ml at 200C (Torkelson and Rowe 1981)

Solubility in
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Organics: Miscible in alcohol

Log Octanol/Water
Partition Coefficient
(K,.): 1.8 (USEPA 1986a)

1.92 (Lyman et al. 1982)

Soil-Water Partition
Coefficient (K.):

227 Lyman et al. (1982) Eqn 4-8 (log KY.. - 1.8)
73 Lyman and Loreti (1987) (log K,. - 1.8)
30 USEPA (1986a)

Bioconcentration Factor
(BCF):

16.95 Lyman et al. (1982) Eqn 5-2 (log K,, = 1.92)
5.1 Davies and Dobbs (1984) Eqn A (S = 5,000)
2.3 Davies and Dobbs (1984) Eqn B (log Y,. = 1.9)

11 Davies and Dobbs (1984) Eqn C (log K,, - 1.8)
18 Davies and Dobbs (1984) Eqn B (log KY. = 1.8)
14 Lyman et al. (1982) Eqn 5-2 (log K,. = 1.8)

Vapor Pressure: 180 mm Hg at 20*C (Valvani et al. 1980)
182 mm Hg at 20°C (USEPA 1986a)
234 tort at 25°C (Torkelson and Rowe 1981)

Henry's Law Constant: 6 x 10" atm-m3/mole (calculated)
4.31 x 10" atm-m3/mole (USEPA 1986a)
1.81 x 10- Dimensionless

Transort and Fate

1,l-Dichloroethane disperses from surface water primarily by volatilization

into the troposphere, where it is subsequently broken down by hydroxylation. The

half-life of 1,1-dichloroethane in air is 1.5 months and in water the half-life is

estimated to be 1-5 days (USEPA 1984).

A range of estimated soil-water partition coefficients (K,) is reported above

and indicates that some sorption of l,l-dichloroethane to soils/sediments and dissolved

organic material will occur. Pavlou (1980) estimates that sorption of volatile organic

compounds will range from low to moderate. The combined water solubility and
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organic partitioning of 1, 1-dichloroethane suggest that this compound will exhibit

some degree of environmental mobility. One study has shown that aeration of

solvent-contaminated groundwater reduced the level of 1,1-dichloroethane from 6

mg/i to I mg/i, an 83% removal rate (Love and Eilers 1982).

A range of estimated bioconcentration factors (BICFs) for 1, 1-dichloroethane is

also presented above. ASTM (1985) indicates that chemicals with bioconcentration

factors less than approximately 100 have low potential for causing harm to wildlife

and human health via biomragnification of residues up food chains. The magnitude of

the concentration factors suggests that appreciable bioconcentration or

biomagnification of 1, 1-dichloroethane residues is not likely to occur.

Limited toxicological testing of 1,1-dichloroethane has been undertaken. The

literature indicates that 1,1 -dichloroethane is one of the least toxic of the chlorinated

ethanes. The oral LD30 value in the rat is 721 mg/kg (NIOSH 1989). Little

information about the toxicokinetics or metabolism of 1, l-dichloroethane is currently

available, other than the fact that it is excreted in the expired air of dogs following

inhalation exposure (Dow Chemical Co. unpublished as reported in Torkelson and

Rowe 1981). There was no evidence of absorption through the skin of rabbits after

repeated applications; when evaporation was restricted only a typical defatting action

occurred (Dow Chemical Co. unpublished as reported in Torkelson and Rowe 1981).

No evidence of tissue alterations or disease were observed in a subchronic

inhalation study whereby rats were exposed 7 hours/day, 5 days/week for 6 months to

500 or 1000 ppm 1,1-dichloroethane (Dow Chemical Co. unpublished as reported in

ACGIH 1980). Guinea pigs, rabbits, and dogs also examined did not exhibit adverse

effects. In an acute inhalation study, rats exposed to 4,000-17,500 ppm experienced

liver injury (Sax 1975 as reported in U.S. EPA 1980b). In mice, acute intra-

peritoneal administration of 1000 mg/kg was reported to have caused renal tubular

swelling; high doses (2000 and 4000 mg/kg) caused increased urinary protein and

urinary glucose, respectively, which is indicative of renal dysfunction (Plaa and
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Larson 1965 as reported in Torkelson and Rowe 1981). Rats exposed for 8 hours to

4,000 ppm 1,1-dichloroethane in air survived but those exposed at the 16,000 ppm

level for 8 hours did not (Smyth 1956 as reported in ACGIH 1980).

With regard to teratologic effects, rat fetuses exhibited delayed bone formation

when pregnant rats were exposed on days 6-15 gestation to 3,80016,000 ppm 1,1-

dichloroethane vapors for 7 hours/day (Schwetz et al. 1974 as reported in Torkelson

and Rowe 1981). No teratological effects were related to exposures. Dams exhibited

slight but statistically significant decreases in food consumption and weight gain.

Inhalation exposure to high doses of 1,1-dichloroethane (over 16,000 mg/rn•) caused

retarded fetal development in rats (Schwetz et al. 1974).

A subchronic inhalation study of cats exposed 6 hours/day for 5 days/week for

13 weeks to 500 ppm 1, 1-dichloroethane and subsequently exposed for another 13

weeks to 1000 ppm, revealed that kidney damage occurred only after the 1000 ppm

dosing regime (Hofmann et al. 1971 as reported in Torkelson and Rowe 1981). Both

histologic and biochemical (increased blood urea) evidence supported the adverse

kidney effects results. The authors estimated a time-weighted average (TWA) dose of

750 ppm or 124.9 mg/kg/day; a low-adverse-effect-level (LOAEL) of 750 ppm can be

assigned to this study. Exposure to the same levels was not associated with any

adverse effects in rats, guinea pigs, or rabbits.

Human inhalation of 1,1-dichloroethane has been associated with liver, kidney,

and hematopoiesis injury and lung irritation (Parker et al. 1979 as reported in U.S.

EPA 1980b), as well as depression of the central nervous system (NIOSH 1978 as

reported in U.S. EPA 1980a).

A carcinogenicity study that was conducted on rats did not establish any

conclusive evidence suggesting that 1,1-dichioroethane causes cancer in laboratory

animals (NCI 1978 as reported in U.S. EPA 1980b, Torkelson and Rowe 1981).

Male Osborne-Mendel rats were fed 764 mg/kg/day by gavage for 78 weeks; B6C3F,

male mice were fed 2885 or 1442 mg/kg/day and females were fed 3331 or 1664

mg/kg/day by gavage for 13 weeks. The slight increase in mammary cancer and

hemangiosarcoma observed in female rats and the statistically significant increase in
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uterine polyps that occurred in female mice were considered to be inconclusive

evidence due to the large number of early deaths attributed to pneumonia and the very

large doses used (NlC 1978 as reported in U.S. EPA 1980b).

Another carcinogenicity study examined the effects of continuous treatment

with 835 mg/l or 2500 mg/l 1, l-dichloroethane administered in drinking water for 52

weeks to male B6C3Fj mice using a two-stage treatment protocol (Klaunig et al.

1986). A total of 70 mice constituted the treatment group, 35 initiated by tnattment

with diethylnitrosamine (DENA) for 4 weeks while the remaining 35 received

deionized drinking water. The positive control group received phenobarbital (PB)

(500 mg/l) to examine differences in liver tumor promotion. Exposure to 1, 1-

dichloroethane did not affect the incidence or number of liver or lung tumors in either

treatment group; the compound did not exhibit initiation or promotion responses with

regard to carcinogenicity.

No mutagenic effects were observed in an in vitro bacterial assay using

Salmonella typhimurium (Simon et al. 1977 as reported in U.S. EPA 1980a).

Toxicity to Wildlife and Domestic Animals

No information on the toxicity of 1,1-dichloroethane to aquatic species was

reported in the literature reviewed. However, the available information on

chloroethanes indicates that toxicity declines with decreases in chlorination (USEPA

1980). Therefore, the toxicity of l,1-dichloroethane is probably similar to that of

1,2-dichloroethane, which is acutely toxic at levels ranging from 100-500 mg/liter

(USEPA 1980). Chronic toxicity occurs at levels as low as 20 mg/liter (USEPA

1980).

No information on the toxicity of 1,1-dichloroethane to terrestrial wildlife or

domestic animals was found in the sources reviewed.

Relatios and Standrds

Ambient Water Quality Criteria (USEPA 1986b).

The available data are inadequate for establishing criteria.
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OSHA Standard (air): TWA' - 400 mg/mrg

ACGIH Threshold
Limit Value: TWA = 810 mg/m3

TLV - 100 mg/mn3

STEL2 - 1,010 mg/m3

SValue

The D1r value is defined as that contaminant intake rate (mg/kg/day) that

should not induce an adverse effect to human health or should not pose a risk of

cancer occurrence greater than a predetermined risk level.

The oral Dv Value of 1,1-dichloroethane is based on the same data used by

EPA to derive the Reference Dose (RfD) specified in the Health Effects Assessment

Summary Table (USEPA 1989). The supporting data are from a subchronic study

(Hofmann et al. 1971) in which rats, cats, rabbits, and guinea pigs were exposed via

inhalation to 2,025 mg/m3 (500 ppm), 1,1-dichloroethane 6 hours/day, 5 days/week.

No effects were reported in any of the animals tested. The EPA (USEPA 1984;

1989) used this data to estimate the No-Observed-Adverse-Effect-Level (NOAEL) in

mg/kg/day as follows:

(2025 mg/m3)(0.22 m3/day)(0.5)(6 hr/24 hr)(5 days/7 days)
NOEL 0.35 kg

= 115 mg/kg/day

The value of 0.22 m3/day represents the default 24-hour rat breathing volume,

0.5 represents the assumed absorption coefficient, and 0.35 kg the default rat body

weight.

An Uncertainty Factor (UF) of 1,000 is employed to address the extrapolation

of results to humans (10), intraspecies variability (sensitive subgroups) (10), and the

Time Weighted Average.

2 Short-Term Effect Level.
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use of a subchronic rather than a chronic (lifetime) experimental study (10).

Derivation of this D7 for 1, 1 -dichloroethane is as follows:

NOEL (mg/kg/day)
UF

115
1,000

"- 0.115 mg/kg/day [Note: EPA rounds this number 0. 1 in their

derivations.]

The inhalation DT value is also based on an RfD reported in USEPA 1989. The RfD

is based on a subchronic study in which cats were exposed to 1, l-dichloroethane via

inhalation 6 hours/day, 5 days/week for 13 weeks (Hofmann et al. 1981). The

endpoint of concern was kidney damage (USEPA 1989). Additional study details

were not available. An uncertainty factor of 1,000 was used in the derivation of RfD

by EPA, yielding a value of 1.4 x 10-' mg/kg/day. Additional details on the

underlying study was not available.
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DICYCLOPENTADIENE'

No data on the toxicity of dicyclopentadiene (DCPD) to humans were located in

available literature. DCPD was not mutagenic in standard microbial assays (both

activated and inactivated). No evidence of toxicity was observed following subchronic

dietary administration to rats, mice or dogs at levels ranging up to 750, 273, or 1,000

ppm, respectively. No reproductive effects occurred following DCPD exposure in male

and female rats, nor were doses of DCPD teratogenic when administered to pregnant rats

during gestation days 6-15. Subchronic (90 day) inhalation exposure of male rats at 1

ppm and rats and mice at 5.1 and 51 ppm resulted in signs of kidney toxicity that

subsided or decreased in severity upon termination of exposure.

CAS Number: 77-73-6

Chemical Formula: CloH 12

IUPAC Name: Dicyclopentadiene

Important Synonyms and Trade Names: DCPD

Chemical and Physical Properties:

Molecular Weight: 132.21

Odor and appearance at room temperature: waxy solid; irritating, unpleasant odor.

Melting Point: 32.9C (Rosenblatt e"l., 1975)

Boiling Point: 1700C (Cogley and Foy, 1978)

Solubility in Water: 20 mg/l (estimated: Lyman eat., 1982)

t Modified from the toxicity profile in the On-Post Exposure Assessment, which was

compiled from: United States Army Medical Bioengineing Research and Development
Laboratory (USAMBRDL), 1985. Physical, Chemical, and Toxicological Data Summaries for
62 Compounds Present at Rocky Mountain Arsenal. USAMBRDL. Fort Detrick, Frederick,
MD.
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Log Octanol/Water Partition Coefficient (K,): 3.14 (Lyman et &l., 1982) Fragment

Method

Soil/Water Partition Coefficient (K.J:
1,217 Lyman cLa (1982) Eqn 4-8 (log K,. - 3.14)

806 Lyman and Loreti (1987) (log K,, - 3.14)

Bioconcentration Factor:
53 Bentley et al. (1976) (experimental)

114 Davies and Dobbs (1987) Eqn. A (S - 20)
143 Lyman eta. (1982) Eqn. 5-2 (og K,, - 3.14)
115 Davies and Dobbs (1987) Eqn B (log Km - 3.14)
53.9 Davies and Dobbs (1984) Eqn C (log K.. = 3.14)

Specific Gravity: 0.98 (Rosenblatt eLtL, 1982)

Vapor Pressure: 2.2 mm Hg at 25* C (estimated; Rosenblatt CLal., 1975)
1.4 mm Hg at 20r C (estimated; Rosenblatt et al.,

1975)

Henry's Law Constant: 1.9 x 104 atm-m3/mole (calculated)
8.28 x 10-1 Dimensionless
1.2 x 102 atm-m3/mole (calculated)

Transr and Fate

The relatively high vapor pressure of DCPD indicates the importance of volatilization

(evaporation) as a transport process from surface water to the atmosphere. The chemical

fate of DCPD in the atmosphere is not definitively known; however, photodegradation

may occur. DCPD is virtually insoluble in water (Cogley and Foy, 1978). A range of

estimated soil-water partition coefficients (K.) is reported above and indicates that

sorption of DCPD to soils will occur. The combined low water solubility and high

organic partition coefficients suggest that dicyclopentadiene will not be mobile in the

environment. The half-life of DCPD in soil ranges from six months to one year

depending on ambient conditions (Cogley and Foy, 1978). Degradation to more stable

forms (degradation forms were not reported) occurs and the reported half-lives of these

products range from one year to greater than five years (Cogley and Foy, 1978).

Spanggord uiL (1979) reported an estimated half-life of 4-7 years for DCPD incubated

(25C•) soil samples.
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Biodegradation in aquatic systems is not likely to be extensive (Spanggord LaL, 1979).

An estimated 76 day or greater half-fife of DCPD in water samples was also reported by

Spanggord etj. (1979), based upon sunlight exposure (photolysis) tests. A 5.3 day half-

life for DCPD in water samples (2MC, without recharge) was also observed. Uptake of

less than 100 ppm DCPD was observed in plants which were grown in hydroponic

solutions (1,000 ppm) (O'Donovan and Woodward, 1977). Evidence of stunted growth

was also seen in plants at this concentration.

A range of experimental and estimated bioconcentration factors (BCFs) for

dicyclopentadiene is also reported above. ASTM (1985) indicates that chemicals with

bioconcentration factors less than approximately 100 have low potential for causing harm

to wildlife and human health via biomagnification of residues up food chains. The

magnitude of the concentration factors suggests that appreciable bioconcentration or

biomagnification of DCPD residues is not likely to occur.

Healthffect

The toxicity (both acute and chronic) of DCPD has been assessed in a variety of

mammalian and non-mammalian species. Clinical signs following acute exposure include

decreased activity, ataxia, conic-tonic spasms, unsteady gait, and prostration followed by

recovery or death. These signs plus the lipophilicity of DCPD are suggestive of effects

on the central nervous system (CNS) (Palmer, 1979, and others). Necropsy findings

after acute or short-term subchronic exposures may show no gross lesions (Kinkead,

1971) or congestive lesions in brain, liver, spleen, kidneys, or lungs (Kinkead, 1971;

Palmer, 1979; Cysewski &Wa1., 1971; and others).

No data on the toxicity of DCPD in humans were located in available literature. DCPD

was not mutagenic in microbial assays in 5 strains of Salmolayphimmium and in

Sacchaomm 'er ,both with and without metabolic activation (Hart, 1980). No

data on the carcinogenicity of DCPD were located. DCPD is thus categorized as an EPA

Group D chemical (insufficient evidence to determine carcinogenicity).
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Dicyclopentadiene was minimally irritating to rabbit skin and did not produce evidence

of systemic toxicity following application (Hart, 1976, and Kinkead, etal., 1971). No

signs of toxicity were produced by dermal application up to 2000 mg/kg (Hart, 1976)

even though clinical signs are seen at oral doses an order of magnitude lower, indicating

that dermal absorption is not very efficient. In the standard Draize protocol, DCPD was

judged to produce moderate irritation of the conjunctiva, but no corneal damage or

irritation, and all effects were reversible within 3 days (Hart, 1976).

No evidence of toxicity followed its dietary administration for 90 days to rats at levels

up to 750 ppm or to mice at levels up to 273 ppm (Hart, 1976). Hart (1980)

administered DCPD to beagle doges in their diets for 13 weeks at concentrations of 100,

300, or 1,000 ppm. Clinical pathological evaluations, including analyses of clinical

chemical constituents of serum, urine, and hemograms were performed at monthly

intervals. Tissues from control and treated dogs were compared histopathologically. No

significant toxicity was observed with the possible exception of minor indications of

intestinal distress expressed as vomiting and soft stool among treated groups, especially

the highest dose (Hart, 1980). Signs of intestinal distress were also observed in the

control animals. The No-Observed-Adverse-Effect-Level identified from this study was

1,000 ppm (25 mg/kg/day). No effects on fertility indices, live-to-total pup ratios, mean

litter sizes, pup survival indices or mean body weights of pups post partum were

observed in rats given 80 or 750 ppm DCPD in the diet prior to mating. Likewise, no

dose-related teratogenic effects were observed in pregnant females administered 80, 250,

or 750 ppm in the diet during days 6-15 of gestation (Hart, 1980). DCPD had oral

LDss of 520 and 378 mg/kg in male and female rats and 190 and 250 mg/kg in male and

female mice (Hart, 1976).

A 90-day inhalation study was conducted in F334 rats and B6C3FI mice. Dodd etW.

(1982) (as reported in USEPA, 1987). In this study, rats (51 males and 51 females) and

mice (45 males and 45 females) were exposed to 0, 1, 5.1 or 51 ppm (0, 5.4, 27.6, or

276 mg/cu.m) for 6 hours/day, 5 days/week. Groups of nine animals/sex were sacrificed
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after 10, 30, and 64 inhalation exposures, and postexposure sacrifices were made at 29

and 92 days. Parameters of toxicity examined included clinical observations, body

weight, organ weights (kidneys, liver, lung and testes), food and water consumption (rats

only), urinalysis (rats only), serum chemistry, and hematological, ophthalmological and

gross pathological evaluations. Histological evaluation of all rat kidney and urinary

bladders was performed, and other selected tissues were examined for the high dose and

control rats after 64 inhalation exposures. Several of these parameters were affected.

Exposure related increases in relative and absolute kidney weight were observed in the

51 ppm males. Renal dysfunction, determined by urinalysis and urinary chemistry,

occurred in the 5.1 and 51 ppm male rats. Additional dicyclopentadiene-related effects

observed at 1 ppm or greater were tubular protein accumulation and epithelial cell casts.

Most of these effects subsided or decreased in severity upon termination of exposure.

Urine concentrating ability declined in the 51 ppm male rats during the post exposure

period. The 5.1 ppm male rats were affected similarly but these effects were reversible.

Kidney lesions such as severe tubular hyperplasia, tubular proteinosis and interstitial

nephritis at 5.1 ppm or greater were revealed by histological examination. Some of these

were attributable to the nephrotoxic effect of dicyclopentadiene and others to the normal

aging process in these rats. The authors concluded that exposure to dicyclopentadiene

at concentrations of 1 ppm or greater led to nephrotoxicity. A reversible increase in

relative liver weight was also noted in the high-dose (51 ppm) male rats. An increase

in body weight gain in female mice was noted at 51 ppm. In 51 ppm mice of both sexes,

about 20% mortality attributable to pulmonary congestion (not confirmed by histological

examination) with some case of renal failure was observed. Possible liver dysfunction

was indicated by a slight increase in serum albumin in 5.1 and 51 ppm female mice.

Increased relative and absolute liver weight was observed in the 5.1 ppm female mice;

not other effects were observed in rats or mice.

In another inhalation study, Kinkead (1971) found increases in serum levels of liver

enzymes in dogs exposed to DCPD at 23.5 and 32.4 ppm, 7 hours/day, 5 days/week for

89 exposures. Kidney lesions occurred in rats exposed to 35.2 and 73.8 ppm but not at
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19.7 ppm for the same exposure duration as the dog study. However, at the 19.7 ppm

exposure level, female rats had convulsions.

Toxicity to Wildlife and Domestic Animals

Dicyclopentadiene was found to be relatively non-toxic to mallard ducks (Aulerich

CaU, 1979). An oral WD30 could not be determined, even when levels administered were

as high as 40,000 mg/kg. The oral LD5o in bobwhite quail was 1,010 mg/kg and greater

than 1,000 mg/kg in mink. The biological half-life of DCPD residues in ducks and quail

fed 14C-DCPD treated diets averaged 12.7 hours and was not concentrated in adipose

tissue of either species. The 96 hour LC50 for fathead minnows is 31.1 mg/l (Bebtley

Ual., 1979).

Aulerich et"1. (1979) maintained groups of mink on diets that provided

dicyclopentadiene doses of 24, 42, 85, or 170 mg/kg/day for 12 months. This treatment

period included one breeding season. The only effects were a significantly reduced

testicular weight in the 170 mg/kg/day males and significantly decreased body weight of

the offspring after 4 weeks of nursing at > 42 mg/kg/day.

Cysewski "tal. (1981) report the effects of single doses of DCPD to 8 to 10 week old

calves at 250, 500, 1000, or 2000 mg/kg body weight. Mild signs of intoxication,

ataxia, and excess salivation were observed in calves given 250 mg/kg DCPD. At higher

doses, these signs were intensified; in addition, calves fell and, while prostrate, exhibited

running movements and tonic-clonic spasms. The severity of response was dose-related.

All calves (the exact number is not available) given 2000 mg/kg and one calf given 1000

mg/kg died within 7 days of dosing. Clinical changes found were increased serum levels

of creatine phosphokinase, SGOT (ASI) and SGPT (ALT). The only consistent gross

pathological change was congestion in a variety of tissues in calves given 2000 mg/kg.
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Reulations and Stadards

ACGIH Threshold Limit Value: TWA2 - 30 mg/m3 (5 ppm)

The value of 5 ppm was selected to prevent significant irritation and possible chronic

effects from dicyclopentadiene. The value was chosen based on the rat NOEL of 12.7

ppm (Kinkead, tLaL, 1971) and on tests to determine the odor threshold of DCPD in

which mild eye and throat irritation occurred in 7 minutes at 1 ppm and olfactory fatigue

occurred in 24 minutes, but no fatigue occurred during a 30-minute exposure at 5.5 ppm.

(ACGIH, 1986; no source reference provided). ACGIH (1986) reports that the odor of

DCPD is detectable below 0.2 ppm but does not become noticeably irritating below 10
ppm. The levels reported at which irritation occurs (I ppm and 10 ppm) appear to be

in conflict.

DrValue

The DT value is defined as that contaminant intake rate (mg/kg/day) that should not

induce an adverse effect to human health or should not pose a risk of cancer occurrence

greater than a predetermined risk level.

For dicyclopentadiene (DCPD), the oral D1 value is based on a subchronic oral toxicity

study utilizing dogs (Hart, 1980). No toxicity was observed (histopathologically or

otherwise) at any dose level, with the exception of some vomiting and soft stools. The

identified No-Observed-Adverse-Effect-Level from this study was 1,000 ppm (25

mg/kg/day). Since no significant toxic effects were observed, the true highest NOEL is

probably higher than this level, making protective values derived from this level

conservative. An Uncertainty Factor (UF) of 1,000 is employed to address the

extrapolation of results to humans (10), intraspecies variability (sensitive subgroups) (10),

and to address the use of a subchronic rather than a chronic study (10). Derivation of

the oral D1 for dicyclopentadiene is as follows:

2Time weighted average
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OralD•DT NOEL
UF

- 25 mzLkgLaa
1,000

= 0.025 mg/kg/day

USEPA (1987) and USEPA (1989) report a slightly different chronic RfD of 0.032

mg/kg/day. This value is based on the NOEL of 32 mg/kg/day in rats administered

DCPD in the diet at 690 ppm for three generations (Litton Bionetics, 1980, as reported

in USEPA, 1987). Again, no effects were observed at any level in the study, making

this value conservative. An uncertainty factor of 1,000 was applied.

A different inhalation DT is calculated by the EPA based on the Dodd "ta). (1982) study

(as reported in USEPA, 1987 and USEPA, 1989)3. In this study, rats and mice were

exposed to 0, 1, 5.1 or 51 ppm (0, 5.4, 27.6, or 276 mg/cu.m) for 6 hours/day, 5

days/week. Exposure at concentrations > 1 ppm [greater than or equal to] (equivalent

to an "expanded" dose of 0.61 mg/kg/day) resulted in nephrotoxicity, which was

manifested by structural and functional alterations. The expanded dose is the dose

delivered in an experiment adjusted to be equivalent to the dose that would be delivered

over the expected environmental exposure. In this case, the expanded exposure level for

5.4 ppm is calculated to be 0.96 mg/cu.m. by multiplying 5.4 ppm by 6/24 hours per

day and 5/7 days per week, and the expanded dose is figured by multiplying that

exposure level by the reference rat inhalation rate of 0.223 cu.m./day and dividing by

the reference rat body weight of 0.35 kg. The EPA then calculates a subchronic

reference dose (RID) of 6E-04 mg/kg/day using an uncertainty factor of 1000 (10 for

3 A__parnXtly. there is an editorial error in USEPA (1987) that is p.rpetuated in USEPA
(19899. In the risk assessment section but not in the summarv of subchronic effects section of
USEPA (1987). mention is made of liver toxicity: USEPA (19899) lists liver toxicity at 1 ppm
as the effect of concern on which the RfD is based. The original report (Dodd. 1982) states that
only kidney effects were significant.
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interspecies extrapolation, 10 to protect sensitive individuals, and 10 for the use of a

LOAMl) and a chronic RfD of 6E-05 mg/kg/day using an uncertainty factor of 10,000

(1000 as above, plus 10 for the use of a subchronic study to predict a chronic RID)

(USEPA, 1987). The DT value is equivalent to the chronic RfD.

It should be noted that this study (Dodd, 1982) reported a LOEL that is lower than other

inhalation studies report. Kinkead (1971) found increases in serum levels of liver

enzymes in dogs exposed to DCPD at 23.5 and 32.4 ppm, 7 hours/day, 5 days/week for

89 exposures. In the Kinkead study, kidney lesions occurred in rats exposed to 35.2 and

73.8 ppm but not at 19.7 ppm for the same exposure duration as the dog study. The

response observed at the I ppm exposure level in the Dodd study was species, sex and

route specific; it was only observed in the male rat kidney following inhalation exposure,

although 90 day feeding and inhalation studies have been conducted in rats, mice, and

dogs. Only proteinosis was observed at that exposure level, and it may not be dose

related. For example, at week 17 of the study, control levels of proteinosis were higher

than the medium and low dose group levels. Other renal effects were observed at the

5 and 51 ppm exposure levels. If the proteinosis is not an *adverse" effect, then 1 ppm

would be a NOAEL, and a UF of 1000 would be applied; the DT would then be 6E-04

mg/kg/day.

A third calculation of the RfD (and Dr) may be made based on the observation that the

male rat kidney response to hydrocarbons is typically more sensitive than that of female

rats or of other rodents, and it typically overestimates the human response to

hydrocarbons. The uncertainty factor of 10 for conservative extrapolation from one

species to another is not necessary when the experimental animal response is already

more sensitive than the human response. Considering the mildness of the effects in all

animals at the l and 5.1 ppm levels, a total uncertainty factor of 100 (10 for sensitive

subgroups, 10 for subchronic to chronic extrapolation) may be applied to the I ppm level

to derive an RfD (and DT) of 6E-03 mg/kg/day.
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These considerations provide a range of potential inhalation RfDs (and Drs) of from 6E-

05 to 6E-03 mg/kg/day. The true conservative and protective dose probably lies within

that range.
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ENDRIN

Endrin, a steroisomer of dieldrin, is an insecticide, rodenticide and avicide belonging

to the chemical class of cyclodienes. It is retained in soils and sediments and is very

persistent in the environment by virtue of its structure and physical/chemical

properties. It is readily bioaccumulated by aquatic organisms. Humans and rats

appear to metabolize and excrete endrin fairly rapidly from blood (the half life ranges

from one to several days). Endrin is acutely toxic to mammals, aquatic organisms,

and terrestrial wildlife. Its toxic effects are similar to those of dieldrin: acute toxic

effects include muscle tremors, hypersensitivity to stimuli, convulsions and death,

while chronic effects in experimental animals include nervous system damage as

shown by hypersensitivity and occasional convulsions, body weight depression, and

damage to the liver and kidneys. It was not mutagenic in several tests. Endrin is

currently classified by the EPA as "D" (not classifiable as to carcinogenicity),

although as recently as 1987 it was classified as an 6E" chemical (no evidence of

carcinogenicity for humans) based on negative results in 4 bioassays (EPA, 1987b).

Some tests for developmental effects resulted in maternal toxicity but no

teratogenicity; others, at doses up to half the LD30 showed reproductive and

developmental effects along with maternal toxicity.

CAS Number: 72-20-8

Chemical Formula: C 1 ,21-C160

IUPAC Name: 1,2,3,4,10-Hexachloro-6,7-epoxy-l,4,4a,5,6,7,8,Sa

octahydro-endo- 1,4:S,8-dimethanonaphthalene

Important Synonyms and Trade Names: Endrin, hexadrin, mendrin

Chemical and Physical Properties

Molecular Weight: 380.9
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Melting Point: 2000C

Decomposes: 235°C

Specific Gravity: 1.65 at 250C

Solubility in Water: 0.25 mg/liter at 25"C
0.23 mg/liter at 25"C
(Rosenblatt et al. 1975)

0.1 mg/liter (Rao and Davidson 1983)
0.024 mg/liter (Kenaga 1980)

Solubility in Organics: Soluble in acetone, benzene, carbon tetrachloride,
hexane, and xylene; insoluble in methanol.

Log OctanollWater
Partition Coefficient (K.): 5.34 (Kenaga 1980)

3.21 (Rao and Davidson 1983)

4.44 (Kadeg et al. 1986)

Soil/Water Partition Coefficients (K.):

1,312; 26,510 Lyman et al. (1982) Eqn 4-8 (log •,.
3.20; 5.60)

34,000 Kenaga (1980)
897; 66,440 Lyman and Loreti (1987) (log K,. = 3.20; 5.60)
1,249; 5,640 Kadeg et al. (1986) (log K,. = 3.20; 5.60)
3,630 Kadeg et al. (1986), (geometric mean of 2

literature values)

Bioconcentration Factor:

4,050 Kenaga (1980) (experimental)
1,360 Kenaga (1980) (expeimental)
2,377 Davies and Dobbs (1984) Eqn B (log K. - 5.34)
1,415.7 Davies and Dobbs (1984) Eqn A (S - 0.23)
5,012 Davies and Dobbs (experimental)
6,736 Lyman et al. (1982) Eqn 5-2 (log K,. - 5.34)
1,043 Davies and Dobbs (1984) Eqn 5-2 (log K.. w- 5.34)
250 Davies and Dobbs (1984) Eqn C (log K. - 4.44)
690 Davies and Dobbs (1984) Eqn B (log K. "4.44)
1,390 Lyman et al. (1982) Eqn 5-2 (log K... - 4.44)
1,640 Argyle (1973) (experimental)
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13,000 Hermanutz (1987) (experimental)

Vapor Pressure: 2.7 x 10" mm Hg at 25"C (Rao and Davidson 1983)
2.0 x 10.7 mm Hg at 253C (Rosenblatt et al. 1975)

Henry's Law Constant: 4.4 x 10" atm-m'/mole (calculated)
1.8 x 10' Dimensionless
4.2 x I06 atm-m'/mole (calculated)
1.8 x 10& Dimensionless

Transr and Fa

Endrin is quite persistent in the environment. Volatilization from soil surfaces and

from surface water is not likely to be an important transport process (Nash 1983) in

light of its very low vapor pressure. For the small portion that may volatilize,

photolysis to delta-keto endrin and endrin aldehyde are important chemical fate

processes.

A range of estimated soil-water partition coefficients (K.) is reported above and

indicates that sorption of endrin to soils/sediments and dissolved organic materials

will occur. Pavlou (1980) estimates that sorption of organochlorine pesticides such as

endrin is very high. The combined low water solubility and high organic partitioning

of endrin indicates that little environmental mobility will occur. Rosenblatt et al.

(1975) report less than 10 cm of movement in situ following 150 cm of rainfall.

Microbial degradation by soil microorganisms occurs but appears to be limited

(Rosenblatt et al. 1975). The extent of utilization and the decomposition products

were not reported. The half-life of endrin in soil varies from one day to 12 years,

depending on conditions such as soil properties, agricultural processes, topology, and

weather conditions (EPA, 198T7).

Uptake in plants vanes with species. For example, root crops (potatoes) grown in

treated soil exhibited levels about twice that of the soil in which they were grown
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(relekar et al. 1983). Levels in pasture crops appear to be less than those in soil

(Chawla et al. 1981). Endrin is not considered phytotoxic (National Library of

Medicine, 1989.)

A range of experimental and estimated bioconcentration factors (BCFs) for endrin is

also reported above. ASTM (1985) indicates that chemicals with bioconcentration

factors less than approximately 100 have low potential for causing harm to wildlife

and human health via biomagnification of residues up food chains. The magnitude of

the concentration factors suggests that bioconcentration and potential biomagnification

will occur. Tissue levels of endrin have been observed in both plants and animals;

the levels are usually low. Although a weighted average BCF for aquatic organisms

of importance in the human food chain is calculated by the EPA to be 3,970,

bioaccumulation is usually short-lived, and tissue burdens diminish rapidly once the

environmental source is removed (EPA, 1980).

Pharmacoknetics

Endrin is absorbed by the skin, lungs and the gut, but the rates have not been well

documented. Mammals do not store endrin in significant quantities. No residues

were detected in plasma, adipose tissue, or urine of workers occupationally exposed

to endrin (Hayes and Curley, 1968, as cited in EPA, 1980). Endrin is probably

metabolized in the liver. Metabolites are excreted in the urine and feces. Little is

known about the persistence and toxicity of endrin metabolites. Some metabolites,

such as 12-ketoendrin and syn-12-hydroxyendrin, may be more toxic and persistent

than the parent compound (EPA, 1980 and EPA, 1987a).

The acute toxicity of endrin is due to its effects on the central nervous system. The

acute oral LD,0 has been given as 3 mg/kg in the rat and 1.37 mg/kg in the mouse

(Sax 1979). Treon and Cleveland (1955) found LD50s ranging from 7 to 43 mg/kg in
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rats, depending on age and sex. Acute oral LD50 values for several mammalian
species range from 1.37 in the mouse (USEPA, 1980) to possibly as high as 50

mg/kg in the goat (Hudson, 1984). Treon and Cleveland (1955) found a eermal

minimum lethal dose for rabbits to be 60 to 94 mg/kg. Acute toxic effects observed

in experimental animals include nervous system signs such as tonic-donic muscle

contractions, muscle tremors, salivation, seizures, hyperexcitability, convulsions

alternating with severe central nervous system depression, and death.

Outbreaks of human poisoning have resulted from accidental contamination of foods;

a dose that may cause convulsions in humans has been estimated at 0.2 mg/kg from

these incidents. Symptoms of acute poisoning include convulsions, vomiting,

abdominal pain, nausea, dizziness, and headache. Respiratory failure is the most

common cause of death from endrin poisoning (USEPA 1980).

Chronic toxicity

Chronic exposure to low levels of endrin results primarily in nervous system damage;

however, adverse effects to the heart, lungs, liver, and kidneys also occur. A two-

year study in dogs (Velsicol Chemical Corporation, 1969, in USEPA, 1989) showed

that dogs receiving 2 or 4 ppm endrin in the diet experienced occasional convulsions,

slightly increased relative liver weights, and mild histopathological effects in the liver

(slight vacuolizatiot: of t•apatic cells). No adverse effects on these parameters or on

growth, food consumption, behavior, serum chemistry, urine chemistry or histological

appearance of major organs occurred at I ppm or less. Treon et al. (1955) fed diets

containing 1 to 100 ppm endrin to Carworth rats for 2 years Rats receiving 50 or

100 ppm showed hypersensitivity to external stimuli, occasional convulsions, liver

degeneration, and (after 80 weeks) increased mortality in males and females; males

receiving 25 ppm also showed increased mortality. Males at 5 and 25 ppm had

increased relative liver weights compared with controls. Treon et al (1955) also fed

endrin to dogs for 18 months and found increased kidney and heart weights in the 3

and 4 ppm dose groups.
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Chronic exposure in workers has been monitored (lager, 1970). The threshold level

of endrin in the blood below which no signs of intoxication were seen was 0.050-

0.100 ug/ml. Surveillance of 233 workers with 4 to 13 years' exposure showed no

abnormalities other than those that would be expected in any similar group (EPA,

1987a).

Mutagomic

Endrin has not been shown to be mutagenic in microbial systems with or without

activation (50 Federal Register 47011). Endrin was tested for mutagenicity in the

Salmonella/microsome preincubation assay using a protocol approved by the National

Toxicology Program. Endrin was tested over a wide range of doses (0, 100, 333,

1000, 3333, and 10,000 ug/plate) in four Salmonella typhimurium strains (TA98,

TA100, TA1535, and TA1537) in the presence and absence of Aroclor-induced rat or

hamster liver S9. These tests were negative. The highest ineffective dose level tested

(not causing the formation of a precipitate) in any Salmonella tester strain was 333

ug/plate (Zeiger, 1987). Endrin did not cause unscheduled DNA synthesis in primary

rat or hamster hepatocytes, and sister chromatid exchange frequencies were not

significantly elevated in activated and non-activated human lymphoid cells.

Genotoxicity thus does not appear to be an area of concern (EPA, 1989).

Caringdgns it

Endrin has not been shown to be carcinogenic in several animal studies including the

National Cancer Institute bioassay (50 Federal Register 47011, Wed. Nov. 13, 1985).

The potential carcinogenic effects of endrin have been evaluated following oral

exposure to 1-100 ppm endrin in the diet of Carworth Farm mrts, (Treon et al., 1955),

Osborne-Mendel rats (Deichmann et al, 1970; NCI, 1979), C57Bl/6J mice (Witherup

et al., 1970), C3D2F1I/J mice (Witherup et al., 1970) and B6C3F1 mice (NCI, 1979).

All of these studies are considered negative. Treon et al. (1955) also failed to note

any increase in tumorigenesis in dogs exposed up to 18.7 months at the maximum
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tolerated dose. The length of this study was insufficient to provide for the expected

latency period in dogs.

The NCI (1979) bioassay was done in Osborne-Mendel rats (50/sx/group) and

B6C3F1 mice (50/sex/group); matched control groups included 10 animals/sex/

species. Since the number of animals in the matched control groups was small,

pooled-control groups from concurrent pesticide bioassays were used for statistical

evaluation. Endrin was administered daily in the diet for 80 weeks. Rats were

observed for an additional 31 to 34 weeks and mice were observed for an additional

11 weeks. The initial doses for male rats and all mice were 2.5 or 5 ppm and for

female rats were 5 or 10 ppm. Because of subsequent toxic effects, the doses for the

female rats and male mice were reduced during the course of the studies. High-dose

male mice were fed treatment and control diets on alternate weeks for 10 weeks. The

resulting time-weighted average dose fed in the diets of treated animals was reported

as follows: 2.5 or 5 ppm for male rats, 3 or 6 ppm for female rats, 1.6 or 3.2 ppm

for male mice, and 2.5 or 5 ppm for female mice. When compared with pooled

controls, a statistically significant increase in hemangioma was observed in low-dose

male rats (0/49, 5/46, 3/47), and a significant increase in adrenal adenoma or

carcinoma was seen in high-dose male rats (2/44, 4/46, 8/44). Islet-cell carcinoma

incidence in male rats showed a significant positive trend but the pairwise

comparisons were not significant. A statistically significant increase in pituitary

adenoma was observed in the high-dose female rats (4/44, 11/47, 13/45) and a

significant increase in adrenal adenoma or carcinoma was observed in the low-dose

female rats (4/46, 14/49, 7/47) (EPA, 1989).

Ditraglia et al. (1981) conducted a retrospecuve cohort

study to examine the mortality of workers employed in the manufacture of

organochlorine pesticides including endrin. No statistically significant excesses or

deficits in mortality for any specific cancer site were noted. Limited follow-up time
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(12 years), lack of exposure data, and few deaths give this study low power (EPA,

1989).

Endrin had been classified according to EPA's Carcinogenic Risk Assessment

Guidelines in EPA's Group E (no evidence of carcinogenicity for humans) based on

these negative results (USEPA 1987a, 198Mb, and elsewhere). However, USEPA

(1989) now gives endrin a classification of *D" (not classifiable as to carcinogenicity

for humans) and states that The inadequacies of several of the bioassays call into

question the strength of the reported negative findings.'

Reproductive and developmental effects

Some evidence exists for developmental toxicity of endrin (USEPA 1989), and no

information has been found on any direct effects of endrin on the reproductive

process. Teratogenic effects have not been observed in rats, and effects in mice and

Syrian hamsters have only been observed to occur at dose levels much greater than

those associated with chronic toxicity. Chernoff and Kavlock (1982) reported that 2

mg/kg/day administered orally to CD-1 mice on days 8 to 12 of gestation resulted in

substantially reduced maternal body weights and a statistically significant 6%

reduction in body weights of the pups on day 1, but no pup body weight difference

remained by day 3. Kavlock et al. (1981) reported that adverse fetal effects occurred

in CD-I mice treated on days 7 to 17 of gestation with 1 mg/kg/day, but maternal

toxicity occurred at a lower dose (0.5 mg/kg/day) as well; they also found that endrin

markedly reduced maternal weight in rats dosed on days 7 to 20 at doses above 0. 15

mg/kg/day but endrin produced no apparent effects on the fetus even at the highest

dose tested (0.45 mg/kg/day). Gray et al. (1981) exposed rats to endrin at 0. 15 or

0.30 mg/kg/day and found they were 30% more active than controls prior to weaning,

but not after. A study (Ottolenghi, 1974) in Golden Syrian hamsters gavaged on day

7, 8, or 9 of gestation with 5 mg/kg/day produced fetal death, growth retardation, and

congenital abnormalities in 28% of fetuses treated on day 8; abnormalities included

open eye, webbed feet, cleft palate, and fused ribs. The dose administered was half
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of the oral LD90 for hamsters. Another study in hamsters (Chernoff et al, 1979) in

which animals were gavaged on days 5 to 14 of gestation resulted in marnal lethality

at doses of 1.5 mg/kg/day and above; fetal toxicity, including increased mortality,

meningo-cephales, reduced fetal weight and reduced skeletal ossification) occurred at

doses above 0.75 mg/kg/day. Whether any of these fetal effects would occur at

exposure levels that are below those that would also produce maternal toxicity is an

important question.

Toxicit to Wildlife and Domestic Animals

Endrin is very toxic to aquatic organisms. Fresh water fish were generally more

sensitive than invertebrates, with species mean acute values ranging from 0.15 to 2.1

ug/liter (USEPA 1980). LC_% values for saltwater organisms ranged from 0.037 to

14.25 ug/liter. Final acute values for freshwater and saltwater species were 0.18

ug/liter and 0.037 ug/liter, respectively (USEPA 1980). An acute-chronic ratio of 4.0

was determined from chronic tests on freshwater and saltwater species. Therefore,

the freshwater final chronic value was calculated to be 0.045 ug/liter and the saltwater

final chronic value was determined to be 0.0093 ug/liter (USEPA 1980).

Endrin is acutely toxic to terrestrial wildlife and domestic animals and has been used

as a rodenticide and an avicide. It can also cause central nervous system effects and

reproductive disorders following chronic exposure. Other effects observed in animals

exposed to endrin include abnormal behavior, increased postnatal mortality, and

increased fetal death. The LD.e values for a variety of birds are 5.64 mg/kg

(mallard), 1. 1 mg/kg (grouse), 1.2 mg/kg (quail) and 1.8 mg/kg (pheasant). Hudson

IS &1. (1984) estimates that the LD50s for mule deer and domestic goat are within the

ranges of 6.25-12.5 mg/kg and 25-50 mg/kg, respectively, based on tests with 3 deer

and 2 goats.

As in the case of mammals, reproductive and developmental studies in wild avian

species have given mixed results. The National Academy of Sciences (1977) reported
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that quail fed 1 ppm in the diet produced no eggs during the reproductive period, and

"that adrin fed at 10 ppm reduced egg production in pheasants and reduced survival

of the chicks. In a different study, concentrations of 0, 1, and 3 ppm endrin in dry

duck mash were fed to mallards (Aras platyrhynchos) starting in December. Health

and reproduction were measured the following spring and summer. One male fed 3
ppm died with a diagnostically lethal level of 2.0 ppm (wet wt) in its brain. Birds fed

I ppm reproduced as well as, if not better than, controls. Birds fed I ppm had

significantly greater hatching success of fertile eggs than did those fed 0 or 3 ppm,

and their clutches hatched significantly earlier than did those of birts fed 3 ppm.

Mallards fed 3 ppm appeared to reproduce more poorly than controls, but this finding

must be regarded with caution because the results of statistical tests often were not

significant (Spann et al, 1986, cited in National Library of Medicine, 1989). Again,

reproductive and developmental effects were seen at dose levels that apparently also

produced parental toxicity.

Regulations and Standard'

Aquatic Life (Freshwater)

Acute toxicity: 0.18 ug/liter

Chronic toxicity: 0.0023 ug/liter

Aquatk Life (Saltwater)

Acute toxicity: 0.037 ug/liter

Chronic toxicity: 0.0023 ug/liter

Human Health

Criterion: 1.0 ug/liter (water and fish ingestion)
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Office of Drinking Water Health Advisories (USEPA 1987a):

One day HA: 0.02 mg/L (protective for a child)

Ten day HA: 0.005 mg/L (protective for a child)

Longer term HA: 0.016 mgIL (protective for an adult);

0.0045 mg/L (protective for a child)

Lifetime HA: 0.00032 mg/L

The one day HA was derived from the Revzin (1968) 7 day study in monkeys, with

support from the Davies and Lewis (1956) report on human poisoning from

contaminated bread. The ten day HA was derived from the Nelson et al. (1956) 13

week study in rats. The longer-term HA and the lifetime HA are both based on the

18 month study in dogs reported by Treon and Cleveland (1955); however, to derive

the lifetime HA, an additional uncertainty factor of 10 and a source contribution
factor of 20% were applied (USEPA 1987).

National Interim Primary Drinking Water Standard (USEPA):

0.002 mg/liter (MCL; 40 CFR 141.12 Subpart B)

OSHA PEL: TWA - 0.1 mg/mO (skin)

ACGIH TLV: TWA = 0.1 mg/m3 (skin)

The ACGIH time-weighted average TLV is based on extrapolation from acute animal

exposures and evidence that these levels do not appear to result in illness in man. It
is also based on the oral LD30 in comparison with those of other pesticides of similar

type (ACGIH, 1989). The skin notation indicates that toxicity may occur following

adequate skin contact.

Value
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The DTvalue is defined as that contaminant intake rawe (mglkg/day) that should not

induce an adverse effect to human health or should not pose a risk of cancer

occurrence greater than a predetermined risk level.

For endrin, the Dr value is based on the data used by EPA to establish the current

reference dose (Rid) (USEPA 1989). The study (Velsicol Chemical Corporation,

1969, in USEPA, 1989) assessed the toxicity of dietary endrin (0.1, 0.5, 1.0, 2.0, or

4.0 ppm) in dogs over a period of two years. The No-Observed-Effect-Level (NOEL)

identified from the study is 1.0 ppm in the diet or 0.025 mg/kg/day. An Uncertainty

Factor (UF) of 100 is employed to address extrapolation of the results to humans

(10), and intraspecies variability (sensitive subgroups) (10). Derivation of the Dr for

endrin is as follows:

Dr = Noel (mg/kg/day)

UF

100

= 0.0003 mg/kg/day (Note: EPA has rounded off the

number in deriving the

RfD for endrin.]
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